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ABSTRACT 
Underwriters Laboratories Inc. has conducted a study t o  identify and 
devel7p module safe ty  requirements for  photovoltoic module and panel 
designs and co~r i igura t ions  l i k e l y  t o  be used i n  r e s i d e n t i a l ,  
intermediate, and large-sca le  appl ica t ions .  
The National E l e c t r i c a l  Code and Building Codes were reviewed with 
respect t o  present provisions which may be considered t o  a f f e c t  the 
design of photovoltaic modules. Limited t e s t i n g ,  primari ly i n  t h o  roof 
f i r e  r e s i s t ance  f i e l d  was conducted. The generation of engineering 
safety requirements included a sa fe ty  workshop which encompassed a broad 
cross-sect ion of the  photovol ta ic  community. Comments from t h e  workshop 
resulted i n  addit ional  s t u d i e s  and further inves t iga t ions  which led t o  
the  development of a UL Proposed Standard for Safety - Fla t -P la te  
Photovoltaic Modules and Panels,  
Additional work covered t h e  i n i t i a l  inves t iga t ion  of conceptual 
approaches and temporary deployment, f o r  concept v e r i f i c a t i o n  purposes, 
of a d i f f e r e n t i a l  dc ground-fault de tec t ion  circuit s u i t a b l e  as  a par t  
of a photovoltaic array safety system. 
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Underwriters Laborator ies  Inc.  (UL) h a s  s tud ied  f u t u r e  trends i n  modulo 
designs and s t a t e - o f - t h e - a r t  pho tovo l t a i c  modules and panels ;  and from 
t h i s  has developed concepts concerning acceptab le  cons t ruc t ions  and t e s t  
performances with t h e  goa l  minimizing Ei re  and shock hazards.  These 
concepts a r e  r e f l e c t e d  i n  a  UL Proposed Standard for Safe ty  - P l a t - P l a t e  
Photovol ta ic  Nodules and Panels t h a t  forms a  p a r t  of t h i s  r e p o r t .  The 
UL Proposed Standard conta ins  provis ions  desc r ib ing  items such a s  
i n s u l a t i n g  ma te r i a l s ,  cu r r en t - ca r ry ing  p a r t s ,  connection means, 
a c c e s s i b i l i t y ,  temipernture limits, and d i e l ec t r i c -wi ths t and  c a p a b i l i t y .  
Spec i f i c s  on c e r t a i n  r a t i o n a l e s  and c e r t a i n  newly conceived t e s t  
procedures a r e  descr ibed.  
Simultaneously, ideas concerning i n s t a l l a t i o n  procedures inc luding  t h e  
inco ,?ora t ion  of accessory components t o  minimize hazards have been 
formulated. These ideas  have been presented t o  National  F i r e  P ro t ec t ion  
Associat ion (NFPA) committees and panels  f o r  cons idera t ion  for 
incorpora t ion  i n  t h e  National  E l e c t r i c a l  Code (NEC) ( t h e  i n s t a l l a t i o n  
s p e c i f i c a t i o n ) .  The ideas have a l s o  l a d  t o  t h e  development of s a f e t y  
schemes inc luding  prel iminary development of necessary hardware such a s  
a  d i f f e r e n t i a l  dc ground-faul t  de t ec t ion  system f o r  photovol ta ic  a r r a y s ,  
These s a f e t y  schemes nay be u t i l i z e d  i n  f u t u r e  s p e c i f i c a t i o n s  for 
photovol ta ic  srray i n s t a l l a t i o n s .  
Methods of implementation of t h e  Standard,  t h a t  i s ,  procedures f o r  UL 
i nves t iga t ions  of products (modules and pane l s ) ,  a long with t h e  
s i g n i f i c a n c e  of t h e  var ious  types of UL coverage a r e  descr ibed .  
Evaluat ions of s eve ra l  modules t o  t h e  UL Proposed Standard,  i n  both 
cons t ruc t ion  aspec ts ,  and to  certain of tb.c t e r c  s p e c i f i c a t i o n s ,  
p a r t i c u l a r l y  roof f i r e  t e s t  procedures,  were undertaken. Far var ious  
reasons descr ibed,  e . g .  - i nappropr i a t e  lesd connection means and 
markings, t h e  products a r e  r e a d i l y  i d e n t i f i e d  a s  unacceptable  f o r  
L i s t i ng .  Additional i nappropr i a t e  i tems might be noted during t h e  
conduct of an a c t u a l  i n v e s t i g a t i o n ,  wi th  t e s t s ,  of t h e s e  products .  
Ex i s t i ng  UL Standards fo r  Safe ty  which may have n bearing on t h e  
cons t ruc t ion  of pho tovo l t a i c  modules o r  panels  ( i f  such modules o r  
panels a r e  submitted for UL L i s t i n g )  a r e  enumerated, wi th  an explana t ion  
of how t h e s e  Standards would be app l i cab le .  
1. INTRODUCTION 
Research i n t o  s a fo ty - r e l a t ed  proposals  f o r  photovol tu ic  modules has boon 
conducted f o r  the  J c t  Propuls ion ~ a b o r a f o r y ' s  (JPL) P l a t - P l a t e  Solbr 
Array (FSA) pro j ec t  . I n  t h i s  work, l lndcrwri tcrs  1 ,ahorator ies  Inc .  (IlL'l 
has i d e n t i f i e d  areas  of photova l tn ic  tnodulc cons t ruc t io i l  and prrfornianco 
which may compromise s a f e t y  of both human l i f e  and prope r ty .  Resolution 
of technology/perforn~ancc t r a d e - o f f s  h.we r e s u l t e d  i n :  t h e  desc r ip t i on  
of acceptab le  cons t ruc t ions  !n a UL Proposed Standard f o r  Safe ty  - 
Photovol ta ic  Modules and Poneis ;  and gu ide l ines  f o r  i n s t a l l a t i o n  i n  t he  
form of proposa ls  f o r  r e v i s i o n s  t o  t h e  Nat ional  E l e c t r i c a l  Code (NEC) 
with t h e  i n t e n t  of reducing o; e l imina t ing  t h e  p o t e n t i a l s  f o r  hazards ,  
The o b j e c t i v e  i n  wr i t i ng  o S t a ~ d a r d  is  t o  provide guidance t o  
manufacturers concerning f e a t u r e s  of cons t ruc t ion  of t h e  product deemed 
d e s i r a b l e  t o  reduce t h e  r i s k  of a hazard t o  an accep tab l e  l e v e l .  
Product compliance t o  t h e  Standard is  usua l ly  v e r i f i e d  by an independent 
t h i r d  p a r t y .  The c e r t i f i c a t i o n  a s  t o  compkiallce of any p a r t i c u l a r  p i ece  
of t h e  product  mey be shown by a  mark of  tho t e s t i n g  agency ( t h i r d  
pa r ty )  a f f i x e d  t o  t h e  product .  
A s  a p a r t  of t h e  wr i t i ng  of t h e  UL Proposed Standard,  e v a l u a t i o ~ l s  of a  
r e p r e s e c t a t i v e  sampling of Block 11 I modules were conducted. 
1 . 2  Report Format 
This r e p o r t  i s  divided i n t o  7 Sections and 7 Appeadices. The Sect ions  
re fe rence  one o r  more Appendices, which provide d e t a i l s  a ~ d  a d d i t i o n a l  
ma te r i a l .  
Sec t ion  2 o f  t h e  Report de sc r ibes  t h e  methods appl ied  by UL i n  t h e  
w r i t i n g  of s tandards and t h e  i n t e r a c t i o n  between UL, i n d u s t r y ,  and 
code-making organiza t ions  t o  complete t h e  s tandards  devaXapment process ,  
Also desc r ibed  a r e  t h e  four types  of s e r v i c e s  provided by UL t o  i d e n t i f y  
products i nves t i ga t ed  by and manufactured under i t s  Follow-Up Serv ice .  
I n  a d d i t i o n ,  a  b r i e f  d e s c r i p t i o n  of t h e  product s u b m i t t a l  process  f o r  
L i s t i n g ,  t h e  method t e n t a t i v e l y  s e l e c t e d  fo r  coverage o f  photovol ta ic  
modules and panels,  i s  pxsvided. 
Sect ion 3 of  t h e  Report de sc r ibes  r a t i o n a l e  behind some of t h e  more 
s i g n i f i c a n t  s a f e t y  requirements proposed f o r  pho tovo l t a i c  modules and 
summarizes t h e  h igh l igh t s  of  a  s a f e t y  workshop t h a t  addressed safety 
design concepts .  
Section 4 o f  the  Report d i s cus se s  t h o  Nat ional  E l e c t r i c a l  Code (NEC). 
T h i s  d i s cus s ion  includes a  d e s c r i p t i o n  of t h e  N E C ,  a11 overview of t h e  
presen t  code-making proposal  activity r e l a t i ve  t o  pho tovo l t a i c s  and an 
examination of t h e  s e c t i o n s  of the 1981 NEC deemed a p p l i c a b l e  t o  
pho tovo l t a i c s .  
Section 5 of the Report examines array suhsysrem grounding by describing 
benefits of a s o l i d l y  grounded system and by presenting several 
grounding scenarios and i d c n t i f y j n g  tho possibility of o shock huznrd 
r e l a t i v e  t o  these grounding schemos. 
Section 6 of the Report describes b a s i c  ground-fault dt?tcctJon cotlcepts 
as n mothod of improving photovoltnic a r r a y  s n f c t y ,  
Section 7 provides summation and rccorntnr~ndations. 
2. FUNCTIONS AND OPERATIONS OF UNDERWRITERS LABORATORIES INC. 
2 . 1  General 
The fol lowing i s  p a r t i a l l y  taken from Underwriters Laborhtories  Inc .  
Publ ica t ion  "llethod o r  Development, Revision, Implonrentation, Standards 
for safe ty" .  
I I The pr inciple ,  business of U~rderwri ters  Laborator ies  Inc.  (UL) is tho  
ovaluat ion of e l e c t r i c a l  and mechanical products ,  b u i l d i n g  ma te r i a l s ,  
construct ioi l  systems, f i r e  p ro t cc t ion  equipment,  and marine products,  LO 
determine t h a t  t h e i r  design provides f o r  reduct ion of t h e  r i s k  of i n j u r y  
t o  persons and damage t o  property inc iden t  t o  t h e i r  use; t o  i d e n t i f y  
such products c x r e c t l y  through a  system of marking t h a t  permits t h e i r  
recogni t ion  by consumers, a u t h o r i t i e s  having j u r i s d i c t i o n ,  and o t h e r s ;  
and t o  e s t a b l i s h ,  throug!~ con t r ac tua l  arrangements wi th  manufacturers,  
UL'S  a u d i t  of production f o r  conformance of the products  with app l i cab le  
requirements.  U L ' S  Standards for Safety p l a y  an important p a r t  i n  UL's 
process of  eva lua t ion ,  i d e n t i f i c a t i o n ,  and a u d i t ,  " 
Items whose cbns t ruc t ion  a r c  complete a s  they leave t h e  f ac to ry ,  and 
items e s s e n t i a l l y  completed at. t h e  f a c t o r y ,  but r equ i r ing  f i n a l  assembly 
a t  the i n s t a l l a t i o n  s i t e  because of s i z e ,  mounting, o r  o t h e r  
cons idera t ions ,  may be judged f o r  s a f e t y - r e l a t e d  cons t ruc t ion  and 
performance fea tures  t o  one o r  more of t h e  Standards f o r  Safety of UL. 
Where any f i e l d  assembly is  necessary,  i n s t r u c t i o n s  are provided on o r  
w;.th t h e  product.  
UL requirements cover t h e  cons t ruc t ion  and performance of  t he  product ,  
permi t t ing  it t o  be i n s t a l l e d  per  a c e r t a i n  method, whi le  t h e  accepted 
procedures f o r  i n s t a l l a t i o n s  of t h e  product ( i . e .  - t h e  use of t h e  
product) a r e  described i n  t h e  National E l e c t r i c a l  Code ( N E C ) ,  o r  one of 
t h e  model bu i ld ing  codes. 
UL's standards a re  written and revised t o  in su re  t h a t  t h e  products 
covered can be used i n  conformance with t h e  NEC and bui ld ing  codes i f  
appl icable .  When r ev i s ions  t o  t h e  NEC occur which n e c e s s i t a t e  product 
changes, UL requirements are rev ised  accordingly.  
2 . 2  Standards Development 
UL's evalua t ion  of a  new product u sua l ly  precedes t h e  establ ishment  o f  a 
formalized (Published) product s a f e t y  s tandard .  When t h e  f i r s t  
submi t ta l  of a new product is received,  U L ' s  engineers  draw upon 
labora tory  and f i e l d  experience and upon appropr i a t e  s a f e t y  
requirements i n  e x i s t i n g  s tandards  of UL and o the r  o rgan iza t ions ,  t o  
devise and apply c r i t e r i a  s u i t a b l e  f o r  judging t h e  product.  
I n  developing t h e  s t anda rd ,  UL works w i t h  an Indus t ry  Advisory 
Conferonce (3AC) o r  Group (IAG), comprisad of i n t o r a s t e d  mnnufacrurers 
and possibly r e p r e s e n t a t i v e s  of other groups such os  u t i l i t i e s ,  niatar ia l  
and component s u p p l i e r s ,  and government bodies. 
This IAC o r  IAG works w i t 1 1  UL engineers  and is rcspot ls iblc  for screening  
and reviewing t h e  i n i t i a l  d r a f t .  I n  most cascs t h e  i n i t i a l  drofr  of 
requirements proposad by UI, engiileors is based an ( I )  rcquircments tha t  
UL has applied i n  eva lua t ing  products  previously i nves t i ga t ed  by UL i n  
the category,  12) r2ported f i e l d  cxpcrinncc with tllc p r o d u c t ,  ( 3 )  o 
survey of known e x i s t i n g  s tandards  i n  t h e  producL cn l rgory ,  nlld ( 4 )  
compat ib i l i ty  with a p p l i c a b l e  nut ional ly-racognizcd i n s t a l l a t i o n  and use 
codes.  
Unlike those of most other stesdnrds-developing o rgan iza t ions ,  UL 
s tandards  and requirements  represen t  t h e  b a s i s  upon which UL' s 
r e g i s t e r e d  marking msy be aff ixed t o  complying products  by 3ubscr iSers  
t o  U L ' S  s e rv i ce s .  Accordingly, UL must be carcful t h a t  its standards 
p r o v i d ~  a  reduction of  r i s k  acceptab le  for t h e  us ing  publ ic .  
2 . 3  American Nat ional  Standards institute Approval 
UL d e s i r e s  t h a t  each of i t s  Standards f o r  Sa fe ty  bo approved as an 
American National S tandard ,  and t o  t h i s  end s o  submits i t s  s tandards .  
In seek ing  American Nat ional  Standard (ANSI) status, UL may choose 
ANSI's canvass method; o r  it may choose ANSI's acc red i t ed  organiza t ion  
method. Both methods a f f o r d  due process  t o  a l l  t hose  who w i l l  be 
a f f e c t e d  by t h e  sta:.:dard; and both methocls develop evidence of a 
consensus. Using e i z h e r  method, UL pub l i c ly  announces i t s  i n t e n t  t o  
develop a standard.  
UL' s s tandards development a c t i v i t i e s  a r e  o p m  t o  p a r t i c i p a t i o n  by 
persons from t h e  many d ive r so  i n t e r e s t s  t h a t  may be involved,  and by t h e  
genera l  publ ic ,  no t  only t hen  t h e  acc red i t ed  organiza t ion  method i s  
followed, but a l s o  when t h e  more o f t e n  used canvass method is employed. 
I f  the canvass method i s  t o  be used,  UL announces i t s  i n t e n t  t o  develop 
t h e  s tandard  by sending a  p re s s  r e l e a s e ,  inc lud ing  some d e t a i l s  about 
t h e  scope of t h e  s t anda rd ,  t o  pub l i ca t i ons  l i k e l y  to  be Sean by those  
having s u b s t a n t i a l  i n t e r e s t  i n  t h e  subject of t h e  s tandard .  These 
pub l i ca t i ons  inc lude  ANSI ' s  Standards Action, the Consumer Product 
Sa fe ty  Guide of t h  Commerce Clear ing  House, t h e  Product Safety and 
L i a b i l i t y  Reporter of t h e  Bureau of Nat ional  Affairs,  trade j ou rna l s ,  
government pub l i ca t i ons  such a s  t h e  Federa l  R e g i s t e r ,  and o the r  
pub l i ca t i ons  as  app rop r i a t e .  The press r e l e a s e  i n v i t e s  those i n t e r e s t e d  
t o  contact UL and vo lun tee r  t o  p a r t i c i p a t e  i n  t h e  work. This work is 
genera l ly  done through correspondence. The names and addresses  of those 
who respond are placed on a moiling l i s t  for use when a d r a f t  of Lhe 
s tandard is a v a i l a b l e  for rcview and commerrt. 
For the canvass method, a d r a f t  of the  proposed s tandard  is f i r s t  
prepared by UL f o r  d i scuss ion  with the I A C  o r  IAG.  Following t h i s ,  t h e  
d r a f t ,  which w i l l  be modified i f  necessary or dos i r ab lc ,  i s  c i r c u l a t e d  
f o r  review and comment t o  t h e  appropr ia te  Engineering Cou:~ci l (s)  of UL, 
t o  concerned government agencies not represenrod cn s u c h  Counci l ( s ) ,  t o  
a l l  manufacturers who subscr ibe  t o  UL'S s e r v i c e  LI-. t h e  product ca tegory ,  
t o  r ep re sen ta t ives  of n o ~ s u b s c r i b a r  n~anufacturers  who Itavo expressed an 
i n t e r e s t  i n  the  s tandard ,  and t o  those on UL'S open forum list. Where a 
d r a f t  covers a product used by consumers, it w i l l  bc c i r c u l a t e d  to t he  
Consumer Advisory Council of UL, ta the Confcranco of Tachnical Users o f  
Consumer Products of UL, o r  t o  both. If t h e  d r a f t  covers  a  product used 
by i n d u s t r i a l  o r  c ~ ~ s r n e r c i a l  groups, it  i s  c i r c u l a t e d  t o  t h e  appropr ia tz  
Commerc!al and I n d u s t r i a l  Equipment Users Conference of UL, t o  the 
Confernnco of Tec!mical Users of Consumer Products of UL, o r  t o  both. 
The d r ~ . i ' t  is a l s o  sent to  a l l  persons who expressed a d e s i r e  t o  
part!ci:,~?e by responding t o  the public  an; xncement that the s tandards  
devslorment pro jec t  w i l l  be undertaken, 
GI,': :.al:.thorizetion t o  u t i l i z e  ANSI's Accredited Organization Method i n  
5 e v ~ J o p i n g  ANSI approved s tandards  was granted by ANSI on t h e  bas i s  of 
GTt't; procedures i n  its standards development process .  These procedures 
p o v i d e  for p a r t i c i p a t i o n ,  review and comment by members of indus t ry ,  
government insurance groups, cansumers, o t h e r  i n t e r e s t e d  p a r t i e s  and t h e  
general  pub l i c  i n  t h e  process .  
For t h i s  accredi ted  organiza t ion  method, UL i s sues  a  n o t i c e  of i n t e n t  t o  
develop a product s a f e t y  standard. In t h i s  n o t i c e ,  UL requests ( a )  
comments on its i n t e n t ,  and (b) an i nd i ca t ion  of a d e s i r e  t o  p a r t i c i p a t e  
i n  the  s tandards  p r o j e c t .  The no t i ce  is  s e n t  to: 
A .  Organizations known t o  be concerned with t h e  Scope of t h e  
proposed s tandard .  ANSI i s  asked t o  a s s i s t  UL i n  developing a 
l i s t  of such organiznt  ions.  
0 .  Members of t h e  involved UL "open ~orum" .  
C .  UL subscr ibers  i n  t h e  product category covered by t h e  Scope of 
t he  proposed s tandard.  
D. Concerned government agencies t h a c  a r e  not  a l ready  represented 
on t h e  involved UL Engineering Connci l ( s ) .  
E. Known rep resen ta t ives  of nonsubscriber manufacturers and 
na t iona l  i n t e r e s t s  s u b s t a n t i a l l y  concerned with t h e  Scope of 
t h e  proposed s tandard .  
F ,  Involved t r a d e  a s s o c i a t i o n s ,  i f  not a l ready  included i n  t h e  
list Aeveloped with th? a i d  of A N S I .  
G. The appropr ia te  UL Engineering Council or Counci ls ,  
M. The Conference of Technical Users of Consumer Products ,  i f  
appropr ia te .  
I .  Tlio Consumer Advisory Council of UL, i f  a consumor product i s  
t he  sub jec t  of t h e  proposed s tandard .  
J. The ~ . , , p rop r i a t e  Commercial and I n d u s t r i a l  Equipment Users 
Confe-encc s f  UL, if o product used by industrxal or 
co~nmercial groups i s  t h e  s u b j e c t  of t h e  proposed s tandard .  
K. Thk 4m~:ican National Standards I n s t i t u t e .  
An i n i t i d 1  d ra f t  of t h e  proposed s tandard  i s  submitted t o  t h e  
UL-Technical Adviss~*y  Group, which group is charged wi th  seeing t h a t  t h e  
documerlt Is) protnlles a  proper  reduct ion  of r i s k s ,  (b) w i l l  al low t h e  
product tu ;bc?rform i n  t h e  intended manner, and ( c ]  w i l l  a l l o v  t h e  
product t o  bo i n s t a l l e d  i n  accordance with a n a t i a n a l l y  recognized 
i n s t a l l a t i o n  code. 
If passed by t h e  Technical  Advisory Group, t h e  document is sent on t o  
the  UL-Product Safe ty  S t ~ n d a r d  Committee which prepares  a summary 
r epor t .  This  summary r epo r t  includes a  d i s p o s i t i o n  of a l l  nega t ive  
comments, and t h e  reasons f o r  nonacceptance of any such commsnrs. The 
summary r e p o r t  inc ludes  a new d r a f t  of t h e  s tandard ,  and is  s e n t  to :  
A .  A l l  members of t h e  Technical  Advisory Group and Product Safe ty  
Standard Committee. 
B. A l l  UL subsc r ibe r s  kriown t o  be a f f ec tod  by t h e  s tacdard .  
C. Others known t o  have an i n t e r e s t .  
Addit ional  r epo r t s  and ..avised d r o i t s  ars prepared and a f i n a l  r epo r t  
and d r a f t  submitted t o  t h e  UL-Standards lkview Council ,  Upon approval 
by t h e  Standards Review Council ,  t h e  document i s  submit ted t o  ANSI ' s  
Board of Standards Review as  a  proposed American National Standard. The 
s u l , a i t t a l  includes a  record of t h e  r e s u l t s  of t h e  vot ing  of t h e  var ious  
groups t o  which t h e  s tandard  was submitted for  review, t h e  comments 
received,  and information a s  t o  d i sposa l  of t h e  comments, incl-ding 
those comments t h a t  were accepted and those  t h a t  could not  be resolved.  
Upon n o t i f i c a t i o n  t h a t  t h e  product s a f e t y  s tandard  is  recognized as an 
American National Standard,  it is published by UL and ANSI, and made 
a v a i l a b l e  t o  a l l  i n t e r e s t e d  p a r t i e s .  
J s s u a n c ~ ,  os UL S t a n d a r d  
I .-- __.e-- l . . 
AEtar r o c u i p t  o f  comments and s u g g a s t i o n s  from a l l  t l l e sa  s o u r c o s ,  UL 
mnkas such m o d i f i c a t i o n s  o r  r n v i s i o n s  i n  tlic drnE(; ns nppnar t o  be 
proper ,  nocoa ,rary, or d a s i r o b l e ,  I' f t e c h n i c a l  cl~ongns arc involved, a 
ravisod d r o f t  i s  prnpnrod and Is than  s u b n ~ i t t n d  t o  a l l  who hnvt! 
p a r t f c i p a r o d  i n  t h o  dovc lopmont of tlic s t n ~ i d n r d ,  for u d d i t  innn 1. co~~unonts 
and s u g g o s t i o ~ i s .  Onc! 01- more a d d i t i o n a l  ~ n c w ~ i t l g ~  r~it.11 tho  IAC or J A G  
may bo required at; t h i s  p a i n t .  
Meetings w i t h  en Ad-lioc S tnndnrds  JJavelvpmont Comntittclc may be co l l od  LIS 
nacossory t o  r o s o l v e  problems t l in t  may ariscl d u r i n g  s t a n d a r d s  
davolopmcnt . An Ad-Hoc S t a n d a r d s  Dovc lopmcnt Catnmit t a o  ?nny i n c l u d e  
concarnad i n  torcsts who hovo n o t  o thurwi  so, p n r l i c i p a l o d  . A f t e r  UL has 
givan c o n s i d e r o t i o n  to  crll comnrcnts and made oriy necessary changes ,  t h e  
d r a f t  i s  i s s u c d  as an o f f i c i a l  pu l l i s l i ed  S tandard  fo r  Safety of UL. Tho 
publj,shcd S t a n d a r d  is  made a v o i ' a b l a  t o  a l l  nionufocturors,  i n s p e c t i o n  
a u t h o r i t i e s ,  insurnnce  i n t e r  x t s ,  und c t i l c r s  who arc concerned w i t h  the 
s u b j o c t  m a t t e r  of tha s tandard.  
2.5 ------ P a r t i c u l a r s  for  P h o t o v o l t ~ ~ ~ c ~ _ ~ ~ d u l ~  5. tnndord 
I n  tho case of p l i o t o v o l t o i c s ,  t h o  obova s c e n a r i o  ios n o t  bean p r e c i s e l y  
fo l lowed.  An ' t ~ ~ i t c r i n ~  Stnndard f o r  S n f e t y :  F l a t - P l a t o  P l ~ o t o v o l t o i c  
Eiodulcs and ~ n n e l s "  ( JPL 5101-164) wns d ~ v e l o p o d  nnd p r a s c n t o d  t o  t h e  
p h o t o v o l t a i c  community b e f ~ r n  any product  s u b m i t t a l  was mode. 
An impetus for t h e  dovelopment o f  this I t l n t e r i m  ~ t o i l d a r d " ,  was p rov ided  
by UL'S work under c o n t r a c t  t o  JPL. Since t h e  tlctrni " f n t e r i m  s t a n d a r d "  
is no t  uscd tly o r  appl iod  t o  UL S t a n d a r d s ,  the  JK, Accumont c o n s t i t u t e d  
a tentative d r o f t  sat: o f  requiromonts  by which UL would have,  a t  t h a t  
t ime ,  judged any p roduc t s  so covered. Thus t h i s  document might be 
t l ~ o u g h t  o f  as " ,  . . UL's o x p r r i c n c a  . . . ' I  i n  this f i a l d .  (1:urthor 
r e f inements  of t h i s  documents have r e s u l t e d  i n  o new document.) 
T h i s  "~nterim s tandard" ,  d r a f t e d  Jonuory 15, 1981 nnd revised February 
20, 1981 was t h o  r e s u l t  o f  o s a f e t y  rvarkshap a t  which I n p u t  was received 
from phocorvc,taic modulo rnanufacturars ,  sys tem i n s t a l l e r s ,  
a r c h i l e c t / o n g i n c c r s ,  u t i l i t i e s ,  ~amponeni: s u p p l i e r s ,  p r i v a t e  t e s t i n g  
o r g a n i z a t i o n s ,  u n i v e r s i t i e s ,  as well as government l n b o r n t o r i s s .  
F n r t h a r  ref inernants  of t h i s  document r e s u l t e d  i n  o UL Proposed Standard 
for S n f e t y  - F l a t - P l o t c  P h o t o v o l t a i c  Modules and P a n e l s ,  i n c l u d e d  a s  
Appendix A of t h i s  r epor t ,  I n d u s t r y  input: and comment was and c o n t i n u e s  
Co be s o u g h t ,  p a r t i c u l b s l y ,  for s e c t i o n s  of t h a  UL Proposed S tandard  
which may be incomplcta  or lack d e t e i l .  
Davalopmcnt of n UL Standard genarol ly  prtlgh,ossas togethot: w i t h  
submi t t a l s  of t l ~ a  product t hn t  it covors .  Thus, t hu  g r a n t n r  ello ~lutribcr 
of i nvas t i gn t ions ,  tlla tilora r a p i d  will bc Ll~o davolopttranl of tile 
standard. 
UL Iln6 taken tlla 111i L i a l  s t a p  i n  tttct stnndards dr~vnlop~nclnt procr%ss , by 
i n v i t i n g  roprascn to t ivos  from laodlll~ si,lnufuclul+t~rs ilrld o t h ~ r s  t o  sr?rv@ 
on an I AG , All h a v ~  oacrptad t; tic i11v i l u t  ion .  'I'll(. grolip co~ivr~rrcld on 
June 29 and 30, 1482 t o  discuss t l ~ e  UI, I ' rnpus~~d St.uttdard wlliclr had b ~ o n  
distrihutad to tlrs mrx~sbnrs, 
A rapart ,  of  t h i s  ~ncatirig,  a s  wel l  a s  o copy o f  tlio rclviscd UL Proposnd 
Standard t h n t  ro su l t cd  from the  ~nnct ing  discllss Zo~r w i l l  bo Eor!dardod t o  
IAG mombnrs, o tha r  plrotovoltoic n ~ o d ~ l i *  arld palls1 ttinnufncturcrs know11 t o  
UL, and o thors  known to  liova an i n t o r e s t  i n  L ~ P  t o p i c ,  such cs 
govarnnrent: 1,- *-ntories , Adflit ionnl copies  will be a v a i l a b l o  on 
roqucs t ,  Ths ~ A l i n g  of additional arealings,  t ho  issuance of e f i n a l  
sLnlidnrd and t h r  l i k o ,  w i l l  dapclid up011 the cornmcnts rocc ivad ,  and tha 
revisions nacossory to resolvo tliosr! commants . 
2,6 National - a - - - - . - B l o c ~ r i c a l  . -A -. - -  -Coda -- and 7 - . UuildinfiCodo, - - I'nt:-n_rfnc2 
UL parsonnul w ~ r k  on and wit11 t l ~ c  NEC pilncls and cornwitreas, and with 
modal bu i ld ing  coda groups providing idons Lo Lliosc groups &era 
opproprinto and col lacLing idaas  t h a t  may bc nooded f o r  dovoloping o r  
r e v i s i n g  product rnquircmonts ( s t anda rds ) .  Ilowovcr, UI, doas n o t  con t ro l  
the conduct or  output  of t h e  NEC Codc-!laking Pnnols, An Ad-IIoc 
Subcornniittao on Photovol ta fcs ,  formod under t h o  aegis of t h o  NEC 
Cor re l a t i ng  Comnrittaa, has  davclopcd proposals  which wcra nssignod t o  
Codo-Making Pnnel 3 ,  t o  bo a p a r t  of the 1984 c d i t i o n  of tha  NEC. 
Another NEE Ad-iIoc Subcommittco on " ~ o ~ o n o r a t i o n "  (sic) i. a.  - U t i l i t y  
Intaroctiva Systems) has dovolopcd proposa ls ,  whiclr wora nssignod to  
Code-Making Panel 15, f o r  NEC a r t i c l c s  t h a t  address  t h o  i n t o r a c t i v a  
aspoct of p11otovoli;nic i n s t n l l o t i o n s .  LlL has worked u n d ~ r  c o n t r a c t  t o  
tho Solar  Enargy Rcsnarch l n s t i t u t o  (Subcontract  XX-1-9429-1) l a  provida 
  no to rial Ear cons idcrn t ion  by Lllc Ad-Itoc Subcammil;Lec an Photovol ta ics .  
Code-innking bodias gene ra l l y  write t h e i r  docurnant(s) independently of 
any s tnndords w r i t i n g  body, it baing the r e s p o n s i b i l i t y  of t h a  s tnndords 
w r i t i n g  body t o  corre la te  i t s  docutnarits with t ho  app rop r i a t e  Codo. This 
c o r r o l n t i o n  is nncessary t o  onsura t h a t  the product is b u i l t  so  t h a t  it 
can ba installed i n  accordoncn with t h o  Codc. UL Standards a rc  w r i t t o n  
and updated, as  necessary,  t o  provide t h i s  c o r r c l o t i o n .  
UL o f f o r s  four typos of s a r v i c c s  Go i d e n t i f y  products  i nves t i ga t ed  by it 
and manufactured undnr its Follow-Up Servicc. Thcsc a r e  Listing, 
Component Recognition, C l a s s i f i c a t i o n ,  and C e r t i f i c a t i o n .  
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Lis t ing  Service ( f o r  Lis ted  products) i s  appropriate f o r  items which 
comply with standards t h a t  are intended t o  el iminate or reduce t o  an 
acceptable degree, a l l  foreseeable  hazards. Listed products general ly 
serve i n  a d i r e c t  f i e l d - i n s t a l l e d  c a p a b i l i t y ,  e.g. - t e l e v i s i o n  
receivers ,  radio  rece ivers ,  fuses ,  h a i r  dryers .  Listed products are 
iden t i f i ed  by the symbol UL i n  a c i r c l e ,  Figure 2.1 .  
A "regular form" Lis t ing  Report would be issued i n  most casas ,  and would 
describe only t h e  product, no t  the  method of i n s t a l l a t i o n .  The 
presumption is t h a t  the  method(s) of product use and i n s t a l l a t i o n  a r e  
described elsewhere, such as i n  t h e  National E l e c t r i c a l  Code. 
FIGURE 2 . 1  
LISTING MARK 
Component Recognition ( f o r  Recognized products) is  appropriate for items 
which a r e  incomplete i n  cons t ruct ion ,  o r  d e f i c i e n t  i n  performance s o  
t h a t  they night not comply with t h e  Standard unless used with ac Ltional 
apparatus. Examples are: a rad io  c h a s s i s ,  which is not protected 
a g ~ i n s t  physica l  abuse o r  does not  p ro tec t  t h e  user  agains t  contact with 
e l e c t r i c a l l y  hazardous pa r t s ;  and a motor whose load i s  unknown. 
Component Recognition i s  a l s o  appropriate f o r  items not  s u i t e d  f o r  
d i r e c t  i n s t a l l a t i o n ,  o r  items t h a t  a r e  n o t ,  per  the  NEC, contemplated 
f o r  f i e l d  i n s t a l l a t i o n .  An example is a thermal protec tor  fo r  motors, 
which would be fac tory  i n s t a l l e d  i n  t h e  motor t o  be protec ted .  
Recognized products may c a r r y  the  symbol of a merged mirror image UR 
(Figure 2.2), but a r e  pr imar i ly  i d e n t i f i e d  by inclusion of t h e i r  model, 
catalog,  e t c .  number under the appropriate category name and 
rnanuf3cturer i n  the  UL Recognized Component Directory. 
FIGURE 2.2 
RECOGNI ZEn COEiPONENT imlARK 
C l a s s i f i c a t i o n  (C las s i f i ed  products)  covers products  which a r e  evaluated 
fo r  c e r t a i n  hazard a spec t s  on ly .  Examples a r e  X-Ray equipment (X-ray 
emissions a re  not evaluated by UL) and antomatic telephone d i a l e r s  acd 
message cen te r s  (emergency s i g n a l i n g  func t ions  a r e  n o t  evaluated by UL). 
I t  C l a s s i f i e d  products carry  a s tatement  C l a s s i f i e d  by Underwriters 
Laborator ies  Inc. v i t h  r e spec t  t o  (ntiture of hazard)  only". (Necessary 
ra t ing  or c l a s s i f i c a t i o n . )  
C e r t i f i c a t e  Service is appropr i a t e  for field i n s t a l l e d  systems or  where 
UL determines i t  necessary t o  i d e n t i f y  s i t e s .  Such i n s t a l l a t i o n s  a re  
identified by a  c e r t i f i c a t e  issued f o r  each s i t e .  Products under 
C e r t i f i c a t z  Service inc lude  con'ral s t a t i o n  bu rg la r  alarm systems and 
hold-up alarm systems. 
A l l  products Lis ted ,  Recognized, e t c .  by UL a r e  s u b j e c t  t o  follow-up. 
Follow-up involves a comparison between products  c u r r e n t l y  i n  production 
t o  t h e  product o r i g i n a l l y  t e s t e d .  Follow-up may be an examination only ,  
as i n  t h e  case  of power t ransformers ;  examination and t e s t i n g  on t h e  
scale of a complete o r i g i n a l  i n v e s t i g a t i o n ,  as i n  t h e  case  of 
branch-c i rcu i t  fuses; or anything i n  between. 
To address  a l l  foreseeable e l e c t r i c a l  hazards and most fire hazards,  UL 
has tentatively assigned L i s t i n g  a s  t h e  proper  method for covorage of 
photovol ta ic  modules and panels .  Roof f i r e  r e s i s t a n c e ,  t h e  c t h e r  major 
hazard category,  would be addressed a t  the manufac turer ' s  op t ion ,  i n  
recogni t ion  of t h e  f a c t  t h a t  roof r a t i n g  requirements vary from 
community t o  community between Class  A and nothing.  
1.8 I n s t a l l a t i o i i  Acceptabi l i ty  
For Listed e l e c t r i c a l  products  whose i n s t a l l a t i o n  is descr ibed  i n  the 
NEC (e .g.  - fuses, c i r c u i t  breakers), UL only d isseminates  information 
r e l a t i v e  t o  The manufacturer 's  name, product  des igna t ion  and, i n  some 
cases, r a t i n g .  The acceptability of the i n s t a l l a t i o n  is determined by, 
f o r  example, a municipal inspec tor  using t h e  NEC o r  app l i cab le  municipal 
code. 
Where t h e  NEC does not address  t h e  product or use involved, UL r equ i r e s  
t h a t  information be provided s o  t h a t  the in spec to r  may properly oversee 
t h e  product i n s t a l l a t i o n .  This can be nccomplished i n  e i t h e r  of two 
ways, and may bo necessary f o r  a L i s t i ng  of t h e  photovol ta ic  array 
i n s t a l l a t i o n  u n t i l  1984,  when the NEC is expected t o  cover such.  
One method may involve coveragc under C e r t i f i c a t e  Service, nnd an 
inspect ion of each i n s t a l l a t i o n  by a l oca l  UL i n spec to r .  111 the 
inspec t ion ,  t h e  UL Listing Report i s  used a s  a guide i n  dctormiliing 
a c c e p t a b i l i t y  of t h e  system. The drawback i n  sucli a proccdurc is the  
added expense fo r  each UL in spec t ion .  
Another method i s  t h e  UL  isti tin^ by ~ e p o r t ' '  procedure, i n  which t h e  
repor t  would descr ibe  t h e  information e s s e n t i a l  f o r  t h e  proper 
i n s t a l l a t i o n  and u s e  of t h e  system. This assumes t h a t  e s s e n t i a l  
information cannot bo adequately descr ibed otherwise, for example, by a 
marking on t h e  product.  Although t h e  Report is o UL document, input  
from t h e  manufacturer is s o l i c i t e d  and accepted.  
If a "Lis t ing  by ~ e p o r t "  is  e s t ab l i shed ,  and a recognized i n s t a l l a t i c n  
s tandard is subsequently e s t a b l i s h e d ,  the Listing will be changed t o  
regular  form, 
A  isti tin^ by ~ e ~ o r t ' '  is not  parmit ted t o  be used t o  circumvent an  
es tab l i shed  i n s t a l l a t i o n  code. 
A "Listing by Report" i d e n t i f i e s  and descr ibes  t h e  complete product or 
complete system, provides a l ist  of components which comprise t h e  
system, end gives i n s t r u c t i o n s  for  t h e  proper  i n s t a l l a t i o n .  I t  does not  
descr ibe ,  i n  d e t a i l ,  t h e  cons t ruc t ion  f ea tu re s  of t h e  complete product 
or t h e  components o the r  than  those  f ea tu re s  which a re  involved i n  t h e  
assembly of t h e  complete product or system. 
The L i s t ee  ( t h e  e n t i t y  i n  whose name the  L i s t i n g  i s  maintained) must 
agree t o  maintain a stock of  t h e  r epo r t s ,  inc luding  any and a l l  rev ised  
pages o r  i l l u s t r a t i o n s  i ssued  by UL, The cu r ren t  s tocks  a r e  dated t o  
correspond w i t h  t h a t  shown i n  t h e  L i s t  and on t h e  L i s t ing  Mark. Reports 
a r e  t o  be made avai lable  free of charge, t o  anyone reques t ing  a copy. 
The p a r t s  of  a system covered by " ~ i s t i n g  by ~ e p o r t "  a r e  not permit ted 
t o  ca r ry  a UL i n  n c i r c l e  symbol. Rather, t h e  fol lowing is  t o  be 
a f f ixed  t o  t h e  major component p a r t s :  
"Underwriters Laborator ies  Lis ted  (product: name and model number) 
when i n s t a l l e d  and used i n  accordance with UL Report,  re fe rence  
number , dated  11 
In e i t h e r  case, parts  of t h e  photovol ta ic  system (e.g.  - t h e  modules o r  
panels)  a r e  sub jec t  t o  UL inspec t ion  a t  t h e i r  po in t  of manufacture. 
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Enfiineerinp Councils 
- 
Cer ta in  circumstances may warrant  a  Council  Report.  I n  t h i s  s i t u a t i o n ,  
UL proposes t o  L i s t  a product  and asks for comment from one o r  more of 
t h e  UL Councils,  and t h e i r  concurrence t o  t h e  Listing. L i s t i n g  i s  no t  
e s t ab l i shed  unless  a l l  ou ts tanding  ca~nments a re  reso lved ,  I t  i s  
expected t h a t  t he  f i r s t  proposal  f o r  t h e  L i s t i n g  of  n photovol tn ic  
module or  panel w i l l  be v i a  a Council Report.  Doth tho E l e c t r i c a l  
Council and t h e  F i r e  Council  arc l i k e l y  t o  be ittvolvcd wi th  p l ~ o t o v o l r a i c  
modules. 
Fact-Finding W* 
UL a l s o  undertakes  act-  in din^" i n v e s t i g a t i o n s  for manufacturers ,  
trade as soc i a t i ons ,  government agencies, and o t h e r s  t o  develop product 
or  system information and d a t a  for  use  i n  seeking r ecogn i t i on  or  an 
amendment of a  n a t i o n a l l y  recognized i n s t a l l a t i o n  code or s tandard .  I n  
t h i s  a c t i v i t y ,  UL, r e l y i n g  upon both in-house and o u t s i d e  resoarch d a t a ,  
develops bas i c  in format ion ,  p r o p e r t i e s ,  and c h a r a c t e r i s t i c s  of 
m a t e r i a l s ,  products ,  and systems a s  they  r e l a t e  t o  s a f e t y  t o  l i f e  o r  
p roper ty .  A r epo r t  is i ssued  upon completion of t h e  i n v e s t i g a t i o n ,  No 
conclusions a r e  p ~ t b l i s h e d ,  no follow-up inspec t ion  is  made, nor is use 
of t h e  UL L i s t i n g  Mark au thor ized ,  
This s e r v i c e  may be used by a manufacturer of photovol ta ic  system compo- 
nents ;  f o r  example, w i r i n g  systems, t o  demonstrate t h e  appropr ia teness  
of t h e  product f o r  t h e  s e r v i c e .  
2 .11 Product Submi t ta l  D e t a i l s  
An ind iv idua l  o r  o rgan iza t ion ,  d e s i r i n g  t o  s ecu re  a product  L i s t i n g  o r  
t o  have UL undertake a  Fact-Finding i n v e s t i g a t i o n ,  may address  
Underwriters Laborato-'us Xnc., g iv ing  a  d e s c r i p t i o n  of t h e  product o r  
system i n  order  t h a t  irs cha rac t e r ,  purpose, s ize,  r a t i n g ,  and o t h e r  
f e a t u r e s  may be understood.  Such information makes it p o s s i b l e  t o  
determine i n  a  genera l  way t h e  probable  n a t u r e  and e x t e n t  of t h e  
necessary examination and t e s t s .  
An app l i ca t i on  form is  s e n t  t o  t h e  p o t e n t i a l  submi t t e r  spec i fy ing  a 
pre l iminary  depos i t ,  t h e  maximum c c s t  of t h e  engineer ing  s e r v i c e s ,  t h e  
work t o  be performed under  t h e  npp l i ca t i on ,  and i n  t h e  case  of sub- 
m i t t a l s  f o r  L i s t i n g  t h a t  Follow-Up Se rv i ce  w i l l  be es tab ' i shed  if t h e  
product i s  found e l i g i b l e  f o r  L i s t i n g .  
For product  submi t t a l s ,  a t  t h e  s u b m i t t e r ' s  o p t  ion,  t h e  r e s t s  proposed 
w i l l  be discussed wi th  him e i t h e r  by correspondence o r  i n t e rv i ew ,  The 
submi t t e r ' s  r e p r e s e n t a t i v e  may witnriss any t e s t s .  
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Fact-Finding investigations r e q u i r e  a d e t a i l e d  d i s c u s s i o n  with the 
applicant concerning the work to be undcr takon,  and the tes t s  to b e  
conducted. 
Listings or Classifications which result iron1 UL investigations are 
promulgated in UL's publications : Electrical Constr~lct ion Piacerials 
l l ixectory, Electrical Appliance and Utilization Directory, etc. I n f o r -  
mation concern ing  L i s t i n g  of photovoltoic modules and panels, when 
effected, would be included in one of thoso lists, These l ists are  
publ ished year ly ,  with i n t e r v e n i n g  supplcmants. 
The costs of any UL investigation are borne  by t h e  s u b m i t t e r .  Further 
detail is contairled in the UL p u b l i c a t i o n  " ~ e s t i n ~  for Public safety".  
3 .  EiODULE SAFETY 
3.1 Gancrnl 
As with o t h e r  products,  i t  is improbable t h a t  a l l  cor~cc ivablc  hazards 
assoc ia ted  with tho opera t ion  and maintcnnnce of photovolroic  niodules 
and panels  and on ar ray  system can be avoided, i f  tho system is t o  
r e t a i n  its u t i l i t y .  A reasonable npproach, followed by UL i n  t h e  
formulation of engineering s a f e t y  requirements for photovol to ic  [nodules 
and panels ,  is  t h e  devclopnient of requirements t haL  photovol ta ic  modulos 
and panels  include components and/or  hove cans t ruc t ion  f ea tu re s  co 
reduce t h e  risk af  hazards assoc ia ted  with shock, f i r e ,  and cnsuol ty  
during i n s t a l l a t i o n ,  opera t ion  and nrnintenanca, and t o  a  degree, 
shipping . 
3 . 2  blodule Construct ion,  New Standard f o r  P h o t o v o l c a ~ . ~  
Modules and Psnels  
Research t o  e s t a b l i s h  a  s e t  of s a f e t y  requirements f o r  photovol ta ic  
modules began with labora tory  exorninations t o  determine the degree t o  
which the  modules, a s  cons t ruc ted ,  comply with genornl safety  c r i t e r i a .  
A l i s t i n g  of t h e  modules examined is provided i n  Appendix B ,  e n t i t l e d  
I I Efadule Evaluat ion ~ i s t " .  Resul t s  from t h i s  examination hove i d e n t i f i e d  
t h e  need t o  research a reas  unique t o  p l~o tovo l t a i c s  both a t  t h e  module 
level ,  f o r  example i n  t h e  form of a module surface c u t  t e s t e r ,  and a t  
the array subsystem l e v e l  in t h e  form of a  ground f a u l t  de t ec to r  and 
response device .  
The i d e n t i f i c a t i o n  of o v e r a l l  s a f e t y  concerns from existing UL Standards 
and t h e  r e s u l t s  of labora tory  examination of photovol ta ic  modules, 
coupled 'with t h e  examination 02 cu r ren t  i n s t a l l a t i o n  methods and 
app l i ca t ion  p r a c t i c e s ,  led t o  t h e  formulation of s a f e t y - r e l a t e d  
photovol ta ic  module design requirements.  These requirements were f i r s t .  
documented i n  an Inter im Standard f o r  Sa fe ty ;  F l a t - P l a t e  Photovol ta ic  
Modules and Panels ,  JPL 5101-164, February 20,  1981. 
T h i s  In te r im Standard, l i k e  UL product s a f e t y  s tandards ,  i s  d iv ided  i n t o  
two bas i c  parts. One p a r t ,  Construct ion Requirements, covers f ea tu re s  
whoso conforn~ance can be judged by examination, inc luding  measurements 
of phys ica l  dimensions. The  o ther  p a r t  descr ibes  test procedures and 
the  acceptance c r i t e r i a .  
The In te r im Standard was t h e  basis f o r  a  s a f e t y  workshop held i n  
February, 1981. For ty-e ight  organiza t ions  were represented  by 
eighty-nine persons which included photovol ta ic  module manufacturers, 
system i n s t a l l e r s ,  a r ch i t ec t - eng inee r s ,  u t i l i t i e s ,  component s u p p l i e r s ,  
p r i v a t e  t e s t i n g  o rgan iza t ions ,  univers  i t i c s  , and government 
l a b o r a t o r i e s .  The primary objective of t h e  workshop was t o  i d e n t i f y  
appropr ia te  s a f e t y  design concepts and t o  i n v e s t i g a t e  t h e  r a t i o n a l e  
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3.3.1 Connection ticans o ld  )larking 
Results of module examination have ind ica t ed  t h e  need t o  i d e n t i f y  
c o n n c c t i ~ n  means and nlarking requirements which are  gene ra l ly  accopcod 
a s  good engineering p r a c t i c e .  
3.3.1.1 Connect ion blenns 
Photovol ta ic  modillas should be providcd with terminals  (screw o r  plug 
type)  or  leads,  s u i t a b l e  f o r  f i e ld -wi r ing  connection i n  accordance w i c h  
t h e  provis ions  of t h e  National E l o c t r i c o l  Codo. Tha t c r ~ n i n n l s  o r  leads 
should be properly i d e n t i f i e d  a s  t o  p o l a r i t y .  The fol lowing cummencs 
a r e  made on t h e  screw ter ininals  end t h e i r  accommodating means of t h e  
s eve ra l  modules s o  equipped.  
Where used t o  accommodate f i e l d - w i r i n g ,  wire-binding screws and t h e i r  
accommodating moans should have s u f f i c i e n t  s t r eng th  t o  withstand 
expected t i gh ten ing  torques .  I t  is nxpected t h a t  t h i s  moy be met i n  
p a r t  i f  t h e  module o r  panel binding screw t e rmina ls  comply with t h e  
following (from paragraph 9 . 7  of t h e  UL Proposed Standard):  
( a )  A threaded screw o r  s t u d  s h a l l  be of nonferrous metal 
appropr ia te  f o r  t h o  a p p l i c a t j o n ,  s h a l l  no t  bava more ehan 32 
threads pe r  inc!l, and s h a l l  no t  be smal le r  t h a n  No. 8 f o r  
accommodating No. 10 o r  No. 12  AWG (5 .3  and 3.3 m m 2  
respec t ive ly)  wi re  and not  smaller than No. 6 for 
accommodating No. 14 AWG (2 .1  mm2) and smal le r  wi re .  A 
wire-binding screw o r  stud-and-nut te rmina l  s h a l l  be provided 
with upturned lugs ,  a cupped washer, a barr ier  o r  o t h e r  
equivalent  means t o  r e t a i n  t h e  wire i n  p o s i t i o n  even though 
t h e  screw or  nut becomes s l i g h t l y  loose. The head of a 
wire-binding screw f o r  accommodating No. 12 AWG o r  smaller  
wire s h a l l  have a minimum diameter of 0.275 inch  ( 7 . 0  mm) and 
t h a t  of a screw f o r  accommodating No. 10 AWG wire  s h a l l  have a 
minimum diameter of 0 .327  inch  (8.3 nm). 
(b)  A tapped te rmina l  p l a t e  s h a l l  be of nonferrous metal,  s h a l l  
not have l e s s  than  two f u l l  screw th reads ,  and s h a l l  be of 
metal not l e s s  than 0.050 i n c h  (1 .27  rnm) thick for  
accommodating No. 10 o r  No. 12 AWG (5 .3  and 3 . 3  mm2 
respec t ive ly)  wire  and not  l e s s  t han  0.030 inch (0.76 mm) 
t h i c k  for accommodating a No. 14 AWG ( 2 . 1  mm2) or  smal le r  
?$ire. Screw threads  provided by extruding a ho le  a r e  
acceptable  if t h e  th ickness  of t h e  unextruded metal i s  not 
l e s s  than t h e  p i t c h  of t h e  screw thread .  
One module includes a wire binding screw type  te rmina l  block mounted 
within a  weatherproof o u t l e t  box. As t h o  screws of tllc terminal  block 
a r e  considered too small (No. 4 - 3 6 ) ,  t h e  terminal block would not  be 
acceptab le .  
The p r s c t i c e  of mountitig t h e  te rmina l  block t o  t h e  i n t o r i o r  su r f ace  of 
t he  outlet box by using what appears t o  be s i l i c o n e  rubber adhesive is 
ques t ionable  and adequate mochanfcal s e c u r i t y  of t h i s  rnouilting mcthod 
would have to bc demonstrated. In  addi t ion ,  one dimension of t h i s  box 
appears t o  have been reduced by c u t t i n g  down t h e  edges of t h e  open face .  
Normally, modifying such a product might render i t  u n f i t  f o r  t h o  
app l i ca t ion ;  for  example, i t s  wa te r - t i gh t  i n t e g r i t y  may be con~promiscd 
and/or i ts  volume reduced t o  below m i n i m u m  acceptable s tandards .  
However, i n  this case,  i t  appears not  t o  be a problem. 
Several  modules include t e rmina l s  on open i n s u l a t i n g  blocks.  None of 
these  modules had upturned lugs ,  a cupped washer, o r  a bar r ie r  o r  o the r  
equivalent  means t o  r e t a i n  t h e  wi re  should t h e  screw become s l i g h t l y  
loose. Some d id  have lockwashers. Lockwashers a r e  not  an acceptab le  
s u b s t i t u t e .  
Terminals should a l s o  be p ro t ec t ed  from wett ing and i n s e c t  nes t ing .  
The te rmina ls  of t hese  modules would a l s o  be unacceptable  because of :  
(a)  head s i z e ,  0.233-0.266 inch diameter head measured vs 0 .275  inch 
diameter minimum proposed requi red ;  (b)  lack of upturned ears o r  t h e  
equivalent  t o  r e t a i n  t h o  wire with t he  screw s l i g h t l y  loose;  and ( c )  
lack  of f a c i l i t y  t o  proper ly  accommodate a f l a t - b l a d e  screwdriver .  
Screw heads intended t o  accept  Philips type d r i v e r s  only would not  be 
acceptable ,  but a head intended t o  accept  both a f l a t - b l a d e  and P h i l i p s  
type d r i v e r  would be acceptab le .  
Accessible ( e , g .  - open) te rmina ls  would be unacceptable  on modules 
r a t e d  30 v o l t s  o r  more, system voltage. F i e ld  appl ied  "guarding" of 
te rmina ls  is  not p re sen t ly  envisioned a s  an acceptab le  a l t e r n a t i v e .  
Reference may be made t o  Sec t ion  15, paragraph 15.1 of t h e  UL Proposed 
Standard. 
The plug type  connector on some df t h e  modules would be unacceptable per  
t h e  UL Proposed Standard and t h e  proposed provisions f o r  the NEC, since 
they are not  Lis ted  o r  Component Recognized f o r  such use.  Any 
inves t iga t ion  of t he  connectors with L i s t i n g  o r  Compvnent Recognition a s  
t h e  goal  would l i k e l y  inc lude  connector temperature measurements a t  
r a t ed  c u r r e n t ,  and environmental condi t ion ing  of m a t e r i a l s .  The 
connectors are unacceptable i n  a t  l e a s t  t h e  f a c t  t h a t  t hey  are not  of 
t h e  l a t c h i n g  o r  locking type (proposed NEC p rov i s ion ) .  
Although each of t h e  samples examined included e i t h e r  o screw t c r m f n ~ l  
or a plug typo connector, t ho  use  of lcuds is proposed an on acceptab le  
means of connection, Keferencc may be ncdc t o  paragraphs 9 + 3 ,  9 . 4 ,  9 . 6 ,  
and 3.10 of tho UL Proposed Standard, see Appendix A .  
Dedicated grounding terminals would be rnquired unless  mod~iles o r  panels  
had no exposed dead-nlat;al p a r t s ,  
Each module was cxominod with respect to terminal  i d e n t i f i c a t i o n  and 
o the r  markings. Some modules were provided with a grounding te rmina l ,  
but none had been marked i n d i c a t i n g  tho intended use .  Each should be 
marked "G", "GR", "GROUND", o r  "GROUNDING", or t h e  like o r  have o green 
colored p a r t  t h a t  i s  not  r e a d i l y  removable. The ground symbol of Fig.  
3 .1  would not  be accoptnblo. 
FIGURE 3 , l  
UNACCEPTABLE GROUND SYMBOL 
The module wi th  wi r ing  t e rmina l s  contained i n  an o u t l e t  box d i d  no t  have 
marking i n d i c a t i n g  t e rmina l  po la r i ty .  Coloring of i n t e r n a l  wi re  
i n s u l a t i o n  up t o  t h e  t e rmina l  block,  as used i n  this product, would not  
be an acceptab le  method of te rmina l  i d e n t i f i c a t i o n .  
Other modules d i d  not c a r r y  te rmina l  i d e n t i f i c a t i o n .  This  would be 
unacceptable under t h e  provis ions  of t h e  proposed requirements.  
The module with terminals in t h e  o u t l e t  box was not marked r e l a t i v e  t o  
t h e  volun~e of t h e  w i r ing  compartment ( o u t l e t  box). This  is proposed as 
a requirement.  Reference may be made to paragraph 45.11 of the UL 
Proposed Standard.  This marking is  intended t o  a s s i s t  a  l o c a l  inspec tor  
i n  making t h e  de te rmina t ion  o f  whether an i n s t a l l a t i o n  is i n  compliance 
with the provis ions  of Sect ion  370-1  of t h e  NEC. 
None of  t h e  modules wore  marked w i t 1 1  o catalog number o r  t l lc equ iva l en t ,  
on a l e c t r i c a l  r a t i n g ,  Lhc! d o t e  of mnnufocture ( i n  o  p l a i n l y  iden t ; i f iub le  
manner), tho types ,  s i x c ,  nnd numbor of  canductors which may be 
con~lectcd t o  t h e  t e rmina l s ,  thc. ~ninirnurn acceptable bypass diode 
con f igu ra t i on ,  thc maximum acccpt;ablo s a r i c s  fu sc ,  and a roof f i r e  
rnting,  Thasc markings would bc required under t h e  p r o v i s i o ~ ~ a  of the  
UL Proposed Standard. S p r c i f i c s  on proposod marking r e q u i r e m ~ n t s  dre 
included i n  Sccl;ion 45 of , f )~c!  W 1 r o p o s a d  Standard (see Appendix A ) .  
3 . 3 . 2  E l c c r r i c a l  IIazords 
*^ 
. 
. ' 
,/ 
3.3.2.1 hcces s . i b i l i t y  
A c c e s s i b i l i t y  ol e l e c c r i c o l l y  hazardous p a r t s  would g e n e r a l l y  be judged 
by means of tho  UL a r t i c u l a t e  a c c e s s i b i l i t y  probn. The probe was 
, 
developed a s  t h e  result of research involving 100 each of  men, women and 
c h i l d r  . , . ;  and measuring maximum finger panot ra t ion  t l~ rough  holcs and 
s l o t s  represen t ing  openings i n  onclosures  t h s t  might give access  to 
p o t e n t i a l l y  hazardous p a r t s .  Appendix C of t h i s  r epo r t  e n t i t l e d  
I t  S t a t i s t i c a l  Development of an Acces s ib i l i t y  Probe" provides t h e  
ana lys i s  support ing the  proportions and dimensions of t h e  probe. 
Although a c c e s s i b i l i t y  to hazardous p a r t s  is g e l ~ e r a l l y  precluded,  t h e  
UL Proposed Standard recognizes  that it w i l l  l i k e l y  be necessary  t o  
allow access to hazardous p o r t s  during i n s t a l l a t i o n  and assumes t h a t  t h e  
installer w i l l  t ake  adequate and proper s a f e t y  measures. 
3 .3 .2 .2  Shock Kaznrd Levels 
The UL Proposed Standard p re sen t ly  defines a hazardous part (for 
e l e c t r i c a l  shock purposes) as one wi th  o p o t e n t i a l  of 30 v o l t s  or  more 
with r e spec t  to any o t h e r  a c c e s s i b l e  p o r t  or e a r t h  ground, and capable  
of d e l i v e r i n g  a cu r r en t  between these p a r t s  t h a t  exceeds t h e  values of  
Table 3.1. The 30 v o l t  f igure  is c o n s i s t e n t  w i t h  that of Article 725 of  
t h e  Notional E l e c t r i c a l  Code. The proposed maximum c u r r e n t  va lues  o f  
0 . 5  mA a c  and 1 rnA dc  a r e  based on a r eac t ion  o r  startle l e v e l .  
Spec i f i c s  a re  included i n  Sec t ion  15, paragraph 15.4, and Sec t ion  21 of 
the UL Proposed Standard,  see Appendix A .  
3 . 3 . 2 . 3  Leakage C u r r e n t  Limits 
For pares l i a b l e  t o  bc connected t o g e t h e r ,  such as frames of  modules, a 
l i m i t  of 10  microamperes pe r  module is proposed. This assumes t h a t  t h e  
c o l l e c t i v e  currents from a number of modules w i l l  be p re sen t  on 
s t r u c t u r a l  metal by way o f  metal- to-metal  mounting. This  c o l l e c t i v e  
leakage cu r r en t  may be a shock hazard if t h e  frame grounding is  l o s t .  
1 Large' s tanding  loakogo c u r r e n t s  that may be causod by tihe i n s t a l l e d  
a r r ay  componcnts with l a r g e  i i ldividual  lnnkagcr currc11t;s niny i n h i b i t  t l l p  
implamcntotion of proper  ground- fault;  systems by r c q u i r  i.ng t h a t  a grclu~~d 
f a u l t  d e t e c t o r  i n  t h e  circuit have o low s o r i s i t i v i t y  ( i . c , ,  a high voluc 
t r i p  l e v e l ) .  Thus, module lcokogu c w r e n r  should b r  llniited t o  d e t e r  
nuisimce t r i p p i n g  of ground-faul t sg;.itc?rns r ~ l ~ o n  tlicy ora used for 
personnel p ro t ec t i on .  
'I'ABLE 3 .  1 
ALLOWA131,E I~EAKAGIl  CURRENT 
- ------------- , - ---- 
Surface o r  Pa r t  iron1 Which Flaxinrum Cur ren t  
bleosurement is Modc 
---- - 
ac Q-ms 1 dc 
A c c ~ s s i b l a  conductive frame, pan, o r  t h o  like 10 CIA. 10 ;IA 
Accessible  c i r c u : t  parts 0.5 mA 1 mA 
Conductive f o i l  over ncccssible i n s u l a t i n g  0.5 mA 1 mA 
su r f aces  
For o x ~ m p l e ,  an assumed a r r a y  conta in ing  6000 modulus would permit a 
ground-faulS sensor  w i t h  n 30 milliampere s e n s i t i v i t y  i f  t h e  modules' 
frame leakage cu r r en t s  werc with in  the 10 microampere l i m i t .  Th i s  is so 
because although t h e  modules would be t e s t e d  f o r  leakage cur-ent a t  t h e  
system vo l t age ,  c o l l o c t i v e l y  they  w i l l  be used a t  an average of one-half 
of t h i s  va lue .  That i s ,  one-half of t h e  modules w i l l  ope ra t e  (to ground 
re fe rence)  i n  o stepped fash ion  above one-half of t h e  system vo l t age  
while t h e  o the r  h a l f  of t h e  modules w i l l  ope ra t e ,  i n  o stepped fash ion ,  
balow one-half of t h c  system vo l t age .  
Since ground f a u l t  systems are  no t  covered i n  t h e  proposed NEC a r t i c l e ,  
and because near-term photovol ta ic  a r r ays  are not  envis ioned t o  conta in  
6000 modules, consideratiion might be given t o  i nc reas ing  the al lowable 
module frame leakage c u r r e n t  l i m i t .  A dec i s ion  w i l l  inc lude  
cons idera t ion  of the margin presen t ly  a f forded  against f a l s e  t r i p p i n g  of 
t h e  ground f a u l t  device.  
For modules without conduct ive frames, t h e  10 microampere l i m i t  not 
appl ied  . 
AC c u r r e n t  l i m i t s  would be applied berause ac vol tages  may be on t h e  
modules and panels  from opera t ion  of t h e  power condi t ion ing  u n i t .  The 
level of  t h o  uc vol tage  would b e  dependant upon the  power condi t inn ing  
u n i t  circuit conf igu ra t i on ,  t he  n o t u r ~  of the u t i l i t y  i n t e r f a c e ,  and t h e  
f i l t e r i n g  between t h e  power condi t ion ing  u n i t  and t h e  a r r a y .  The l e v e l  
of oe lnokaga currcr~r t  would bo proport ionnl  t c  tlla oe voltugo iiud tlro 
lnoduln c i r c u i t - i r a n ~ c -  col~ucil;nncu, Elodulus w i ~ h  largo i o i l  uroas 
ad jocat~ t  t o  ccells nluy bo axpvctutl LO Imvn rcllut i v n l y  higlr at: lenlcugn 
currc lnts .  Data Croti~ ntnosurornctlts f1401n pllnLovol t o j  c urrays n t  tlrn 
Sout l l r~as t  Ras idon t  i o  1 ExporilltoiiLul S t a l  io11 (SII-KIIS I f r ~ d i c a  t u s  Lhat 11c 
volLtlgns i l l  t h o  0rdc.r nf' 4 v o l t s  rlrtl prosonl,  on i ~ r l ' i l y ~  L I I L O ~ ~ C L I V O  ~ d l t h  
120/240  701 t c(rllL@s g r a i ~ ~ r d n d  IIG sys t t ~ t b  . A L " I - I I ~ H  I J ~ L ~ I  I lBll l \s l  ormvr LOSS 
powar co11diL inning utr i Ls i t l tor l ic t  i v n  w i l l 1  120 v a l  1 onr1-s idtl g~:aunrii~d ilf: 
sysLk+nls shoulti Iruvo u c o ~ l s i d r r u b l y  g r r r l l ~ r  tic v o l ~ i i g ~ ~  011 L l i ~  aa t iu lps .  
I n  Llifa cost> Lll ( l  uc v o l t c ~ g v  l ~ v r ~ l  uroy i ~ t l t ~ a l  Llia ,rl-l-oy dr: vattup,r l o v o l .  
Eoch of Lhu oxanrincd madu1n.q was I t~dlvldrri i l  y  LnsLcld f o r  lnnlrngo ~ l l r r o i i t  
i11 tlin "us  rocoivadt '  c o n d i t i o n  by c a l ~ n o c t  ing u 11 cu~r~nL*corry i11g parts 
to Lhn ungroutldcrd s i d e  ul' tlio 120 volL,  ilc, rills n~ld  120 v o l t  dc, 
groutldnd sourcns i n  t t ~ r n ,  and ~ t innsur i~ tg  currrwt,  ircxn ( a )  lnodulu frnniil 
atzd, ( b )  Coil ovor i ~isi i lat .  C I I ~  s u r l u c u s  Lo Llrtb jiroli~~dr\d cotlductor . [No 
oxpostrd c i r c u i t  pnr tk  oLlrc?r tlioii t l ~ o  w i r i n g  t c ~ n n i n u l s  ilrc llrovlticd on 
any of tllnsr1 ~ t iod l~ lvh . )  ('S11il 120 ~ ( 1 1 1  sourc( ls  tr'iarr 11scti lor convoniclncn 
avan thouglr Chsy atay irol ~*clprt\st!nl rhry uctun 1 o r roy  vo l Lago vnlurts ') 
Sincci I I I O ~ I J  it\ capacf t u ~ l c o  c l~~ t i  r(!s I S ~ I I I I C P  i h  , 111 gcl~rorul ,  iI ( : o ~ r s t n ~ ~ t  (not 
dopo~rdoriL up011 upp l i ad  vol t o g a ) ,  lctakoga c u r r o n t s  0 1  oLllnr l o v a l s  nrn  
calculablr i  by di rocL p r o p o r t j o n i t l g ,  'I'hn ioil wos a 10 by 13 inch p ioco ,  
plncad over and tl1o11 w1ic;ra p o s s i b l o ,  br11i11d 1,110 (:c111s 01 ~1111 1110du1c. 
Tllo r o s u l t s  of tllnsa Losts  ora a s  l o l l a w s :  
A 1  1 dc  nlausuronrnnts sliowod II zoro  r r~ad ing  oil a raatnr of 0 , 3  
a i l l i a r n p a r ~  f u l l  s c a l a ,  0.005 m i l  liotiipt!ro s n i c ~ l l e s t  d i v i s i o n ,  
All oc niansuremmts on urodulns with g l u s s  u n c a p s u l a n t ,  and fromo 
Ittousuranrents oti t i~odulas w i t 1 1  s i l i c o n o  rubbcr nncopsulnnts  sttawud n 
Raro r o a d i n g  on o ntatar  of 0 .3  mill i t lmparo f u l l  s c a l c ,  0,005 
mil linnlporo sltiol lost d i v i s i o n .  
For  thc silicon* rubbnr oncupsulnLod modulas, an  us  currcnt of 0.3 
nrillianipnru wns mnasurad bnLtwon Lila foil oval: tho cnlls and t h o  
g r o u ~ ~ d e d  circuit. conductor,  
Nano of  thesn  rrrodulas worc. c o t r s l u u c t ~ d  w i t h  nny conductfva  Foil  t h u c  
might r o s u l l  i n  'liig11' nc lcnkago cur rcnLs .  l l o w c v ~ r ,  sonlo d i d  I ~ C I V ~  
moLnl s v n r  clio ontire.  scar s ~ r r f i l c o .  
As moasurod d a t a  I s  uccultrulntod i t  Inny ba possiblo t o  c11;lmInato cnrtoirl 
uspacts  of t h o  laakogn c u r r a n t  n~nnsurotuent ~ o s t  procndurn,  such a s  
nioosuro~nonts Sro~ir ioi 1 uppl i a d  ovnr g los s  of co1.t.a i n  ~ninimun~ Lh ickticlss . 
3 . 3 . 2 . 4  D i e l a c r r i c  Voltage Withstand Requirer,,ents 
The h i s t o r i c a l l y  accopted formula of 2 x V system + 1000 v o l t s  and an 
n r b i t r n r i l y  assumed dc systom vol tage  of  1500 v o l t s  was used t o  a r r i v e  
a t  n 4000 v o l t  t e s t  l e v e l .  Each of t h e  modules was sub jec t ed  t o  t h i s  
vo l t age  p o t e n t i a l  by a p p l i c a t i o n  of tha 40r7 v o l t s  between a l l  p a r t s  of 
tho module's c i r c u i t  and ( a )  t h e  mctal frame nnd (b) metal f o i l  over  
i n s u l a t i n g  p a r t s ,  The appl ied  vo l tage  was s t a r t e d  a t  zero and gradua l ly  
increased toward 4000 v o l t s  and, urlloss breakdown occur red ,  he ld  a t  the 
4000 v o l t  l eve l  f o r  two minutes + The two rni~ lutc  dura t ion  i s  l e s s  than 
t h e  5 minutes presen t ly  baing considered i n  the UL Proposed Standard.  
Applicat ion of t h e  d i e l e c t r i c  t e s t  vo l t age  t o  one of the modules 
r e s u l t e d  in an i n t e r n a l  breakdown i n  t h e  module. S p e c i f i c a l l y ,  t h e  
brcakdown was between l i v e  p o r t s  and t h e  metal backing (and frame) 
approximataly 20 seconds a f t e r  t h e  vo l tage  had reached t h e  4000 v o l t  
l eve l .  Applicat ion of t h e  d i e l e c t r i c  t e s t  vo l t age  t o  another  module 
r e s u l t e d  i n  o breakdown a t  2500 v o l t s ,  between l i v e  p a r t s  and t h e  metal 
backing (and frame). The d i e l e c t r i c  t e s t s  on t h e  o t h e r  modules d i d  not  
r e s u l t  i n  any i n s u l a t i o n  f a i l u r e s  (breakdowns) or  arc-overs. 
The modules were examined f o r :  (a)  polymeric ma te r i a l s  used i n  
compression where t h e  c reep  of  t h o  mater ia l  may reduce the i n s u l a t i o n  
l eve l  t o  less than the requi red  value;  and (b)  inadequate  spacings due 
t o  cut o r  t o r n  backing m a t e r i a l .  
Although one module included a frame crimped over l i v e  c i r c u i t  p a r t s ,  
i n  t h i s  p a r t i c u l a r  case ,  ma te r i a l  flow d i d  no t  appear t o  be a problem. 
No nodule appeared t o  have a spacing de f i c i ency  due t o  cu t  or t o r n  f o i l  
bacriing . 
No ac d i e l e c t r i c  withstand t e s t i n g  was conducted on t h e  samples.  
Subsequent examinations of o the r  modules however have been used t o  
v e r i f y  a b i l i t y  t o  pass an oc plus dc d i e l e c t r i c  vol tage wi ths tand  tes t .  
This test procedure is  be l ieved  necessary t o  represen t  ca se s  where ac 
from a power condi t ioning u n i t  appears on t h e  modules. 
3 . 3 . 3  Casualty Hazards 
Modules should be capable  of  withstanding expected phys i ca l  abuses 
without t h e  creat ion of an e l e c t r i c a l  hazard. This  i s  addressed ic  p a r t  
by t e s t s ,  such a s :  pene t r a t i on  of t h e  encopsulant from a sha rp  device ,  
impact from a s t e e l  b a l l  and h a i l ,  and s t a t i c  loading.  Under t he se  
conditions shards s h a l l  n o t  be produced, nor  s h a l l  a hazardous condi t ion  
be crea'ted. 
The ma te r i a l s  which se rve  a s  t h e  b a r r i e r  a g s i n s t  usor con tac t  with l i v e  
p a r t s  of t h e  c a l l  and Jnnerconnects must continue t o  func t ion  a s  a  
b a r r i e r  following t h e  a p p l i c a t i o n  of phys i ca l ,  chemical, and u l t r a v i o l e t  
t e s t  agents .  
Examination of t h e  s i l i c o n e  rubher s u p e r s t r a t e  of t h r e e  of t h e  modules 
l e f t  some doubt as t o  t h e  a b i l i t y  of t h e  modules t o  withstand puncture 
and cut-through from sharp edge conductive p a r t s .  In a d d i t i o n ,  t e a r ,  
delamination and weardown from abrasion ( e . g .  - from sand being blown 
around, e t c . )  of t h e  s i l i c o n e  rubber encapsulonr a r e  of concern. 
To judge t h e  encapsulnnt 's  performance i n  these regards ,  t h e  module 
would l i k e l y  be subjected t o  t h e  app l i ca t ion  of a sharp  edge c u t t i n g  
t o o l  drawn across  t h e  s u r f a c e  and t o  the app l i ca t ion  of a  fo rce  appl ied 
wi th  a  small  (approximately 1/8 inch diameter)  rounded end rod+ For t h e  
c u t t i n g  t o o l ,  the sharp  edge would be s p e c i f i e d  i n  terms of (a)  angle 
between t h e  f aces ,  (b) maximum rad ius  of curva ture  a t  the t i p  and ( c )  
poss ib ly ,  rad ius  of curva ture  of  t h e  b lade .  The c u t t i n g  edge would be 
maintained on t h e  module f o r  a  s p e c i f i e d  period of t ime and then  pul led  
a t  a spec i f i ed  uniform r a t e  p a r a l l e l  t o  t h e  su r f ace  o f  and across  t h e  
module. Neither t h e  rod nor  blade should con tac t  e l e c t r i c a l l y  hazardous 
p a r t s  of t h e  module, nor  should they  o therwise  render hazardous parts 
acces s ib l e .  
For example, pener ra t ion  of t h e  su r f ace  ( f r o n t  o r  r e a r )  can expase tlle 
u se r  t o  a shock hazard. Examination of t h o  l i t c r a t u r e  on t h e  sub jec t  of 
cu t  and pene t r a t ion  tests far  elastomers ,  d i d  not r evea l  any s tandard 
t e s t ( s )  considered app l i cab le  f o r  eva lua t ing  photovol ta ic  module 
encapsulants .  As a  r e s u l t ,  an encapsulnnt c u t  t e s t  was devised which 
sub jec t s  t h e  module t o  a  2 pound-force from t h e  poin t  of a blade drawn 
across  t h e  module sur face .  These conaidera t ions  form the b a s i s  f o r  t h e  
requirements and procedures found i n  t h e  UL Proposed Standard.  
Addit ional  d e t a i l s  o n  t h e  developnlont of a c u t  t e s t e r  are contained i n  
Appendix D, e n t i t  led "conceptional Development of Cut  ester" . 
3 . 3 . 4  Roof Mater ial  Fire Hazards 
Several  model bu i ld ing  codes have provis ions  c a l l i n g  f o r  "rated" roof 
coverings on c e r t a i n  s t r u c t u r e s .  A "rated" roof covering i s  one t h a t  
has c e r t a i n  Ei re  r e s i s t a n t  c h a r a c t e r i s t i c s .  These c h a r a c t e r i s t i c s  are 
determined according t o  t h e  procedure descr ibed  i n  UL Standard 790 ,  
I 1  Tests For Fire Resistance of Roof Covering Mater ials" .  Three c l a s s e s  
are described:  Class A ,  e f f e c t i v e  aga ins t  s eve re  f i r e  exposure; Class B ,  
e f f e c t i v e  aga ins t  moderate f i r e  exposure; and Class C ,  e f f e c t i v e  aga ins t  
l i g h t  f i r e  exposure. 
I n  determining o r a t i n g ,  n  r e l a t i v e l y  lnrgo piccct of t ho  f i l l l y  equipped 
roof s t r u c t u r e  including suppor t s ,  i s  used for t c s L s ,  An a i r  cu r r en t  
which flows unifortuly over  t h o  t o p  surfaca of tlio roof covoring a t  
12 f 1 /2  milas por hour s imu la t i ng  n wind is  appl ied .  
Tho Ilurning-Urand Tcst is l nLc~ldcd Lo simulattr hurn inp ,  ma tc r i a l  
a l i g h t i n g  on a  roo f .  'I'his is o I~igli  l i k r l i l ~ o o d  occurrcltlcc i n  cct-Lain 
orcos such a s  L l ~ c ?  ~nounLnin f i r 0  d i sLr icLs  of 1,0s A I I ~ ( ! X O S ,  CU l i  fortlid , 
where high winds con carry  brands from t r u s l l  and r o r a s t  f i r e s  
cons idcrnbla d i s t ancas  . 
Tho Spread-of-Flame Tcs t  is intended t o  simulntr! flames lapping on the  
roof .  Such flanics mighl; be ganerated by tho burning of an  adjaccnl; 
s t r u c t u r o  o r  by thc burning of d e b r i s  i n s ido  tht? s t r u c t u r e ,  
I n  ganoro l ,  during and a f ~ c r  t h e  Durning-llrand and Sprcod-sf-Flame 
Tosts, no por t ion  of t h e  roof covering matar in l  s l i n l l  have blown or  
f a l l e n  from tho  t e s t  deck i n  t h e  Eortn of f l o~n ing  or  g l o r ~ i n g  brands o r  
p a r t i c l e s ,  and the  roof deck s h a l l  not be exposed by breaking,  s l i d i n g ,  
o r  crocking or warping of tho. roof covering.  
Although onc s a t  of' p a r t i c u l a r s  is  presented i n  t h e  UL Proposed 
Standard, t h o  mcthod of t e s t  f o r  both tho  spread-of  -f  lame and 
burning-brands t e s t s  has s i n c e  baon rovisod.  S p e c i f i c a l l y ,  for  t h o  
spread-of-flame t e s t ,  t h c r c  is  t o  be no a p p l i c a t i o n  of t h e  t o s t  Elama 
bctwcen t h e  modules and t h e  roof deck. For the burning-brand t e s t ,  a  
brand of s ize  equal t o  t h e  r a t i n g  is t o  bc app l i ed  t o  t ho  modulo. 
A module o r  panel intcudnd f o r  s t a n d - o f f ,  rack,  ar d i r e c t  mounting i n  
combination with 2 prcscr ibod  roo f ,  and a module intended far mounting 
as p o r t  of t h c  roof covering i t s e l f ,  s h a l l  comply with t h e  roquiromcnts 
f o r  Class  A ,  B o r  C roof covering i f  it is indicated o r  implied as  being 
f i r a  rated. For t h c  con~binotio~i s i t u a t i o t ~ ,  this r a t i n g  need not  be 
coinc ident  with t h o  b a s i c  roof covering tnnterinl r a t i n g .  The  firth 
r e s i s t n n c e  s h a l l  ba determined by t h e  t e s t  procadures i d a n t i f i a d  i n  
Tosts f o r  F i r e  Resis tance of Roof Covering Ma te r i a l s ,  UL 790 ,  as modified 
by Sec t ion  31 of Lhe UL Proposcd Standard (to be  r e v i s e d ) .  
3 . 3 . 4 . 1  Resul t s  of Exploratory Tes t ing  
Tho parformonce of roofs equipped wi th  photovol tn ic  a r r a y s  was avaluatcd 
by conducting labora tory  burning-brands and sprend-of-flame t e s t s .  
These t e s t s  were explora tory  i n  nntura and were isitondod t o  ga in  
informatinn on how, g n n e r i c a l l y ,  modules and pane ls  a f f e c t  t h e  f i r e  
r e s i s t a n c e  performance of n roo f .  

To ocll iavc~ nppruprir~t e safnty l n v o  Is, botlr tl1r1 colnpc>trclnts (modulos , 
pannls, connectors , s t ~ l l p o r t  s t ru r  trros , cilblas, cltc, > uild t l ~ n i r  o v c r ~ l  l 
usscurbly i n t o  il spocif ic  sysLelrr t ,,nf ig \ r l - ,~ t  io11 wi~rv cons  idort \d 
s i a ~ u l  tnnco\rs ly , 'I'o IIPOV idc  a t o s  is i o r  tho os to l t l  isltrucnl of c . l ~ g i ~ i e o r  lr~g 
s u f o t y  rcqu ll ' t l~nor~ts , ri rcv iew oi' oslst ing 111, s tsnt i i i rds  was t r ~ i d o r t i ~ k ~ l r  LC) 
id r ln t i fy  Ll~ase  whicll c o ~ r t n i l l  rnrluir~lnrltrts pc i r t i~ r iwt  t o  pl~utovoltlric 
nrodulau o r  pri~lals ot~tf Llru.il- i n x t u l  l a t i on .  T a b l o  3.2 is tl~i! result ai  
this E ~ ~ S O C L .  I t  i i ~ d i  C U ~ ~ I S  W ~ ( \ L I I ~ I '  t l l ~  ~ t i ~ l ~ d ~ ~ d  1:08lt i l i11~ f i l 1 1 1 ~ 1 ' i ~  ~rll'l'ty 
roquiratucnls; rnquiranrrt~ts uppl l c o i ~ l a  Lo c.t)rt~ponolIts of il systorn, such u s  
UF crh>lus; or rnquiraalcllits r ~ i i i c l ~  liray btl applicd to t h o  p l io tnvol t r l ic  
  modulo or pa1101 i t s n l f ,  aucll os f i r o  r o s j s l n n c a  as n roof' covnrlirg,  
Cartoin 111, s to~rdr r rds ,  f d n n t i f i e d  by nn "x" i t r  laore thun oils coluam, may 
ba u p p l i c a b l o  to i t o m  wlricll may ba n port of t11c rnodult., sucl~ as wir ing  
(buL tosted s ~ p n r u t n l y ) ,  and ulsa it~cludcrd s n p n r t ~ l ~ l y  us ti p a r t  ol t l ~ t l  
p h o t o v o l t a i c  orray. 
Standard 
Number Title 
-33- 
TABLE 3.2 
APPLICABILITY OF UL STANDARDS TO PHOTOVOLTAIC 
SUBSY STTtW/COEiPONENTS 
Gancric 
Safety 
Requireinon* 
Flexible Metal Electrical 
Conduit 
Flexible Nonmotnllic 'l'ubi~ig 
for Eloctric Wiring, 
Armored Cnblc 
Rigid hioral Electrical 
Conduit 
Rubber-Insulated Wires 
and Cables 
Electrical Cabinets and 
Boxes 
Thermoplastic-Insulated 
WLres 
Tests for Flammability of X 
Plas t ic  Materials for Parts 
in Devices and Appliances 
Lightning Protection Components 
Quick-Connect Termina 1s 
Liquid-Tight Flexiblc Steel 
Conduit, Electrical 
Electrical Grounding and 
Bonding Equipment 
Wire Connectors and Soldering 
Lugs for Use with Copper 
Conductors 
Wire Connectors for Usa with 
Aluminum Conductors 
Thor rnop los t i c - Insu la ted  Under- 
ground Feeder and Branch-Circuit 
Cables 
Electrical Outlet Boxes and Fittings 
Tests for Wind-Uplife Resistance 
of Roof Assemblies 
Rigid Nonmetallic Electrical Conduit 
Applied to Applied to 
Components Flodule or 
of System Panel - 
S tandnrd 
Number Title 
Generic Applied to 
Snf ety Componcnts 
W u i r q m e n  ts. of System 
Nonmetallic-Shonthcd Cables 
Tests for Surface Burning C h o r n c t c r -  
istics of I lu i lding Matorials 
Polymeric Matorials - Sllorr Term 
Propcrty Evaluat ions X 
Polymeric Materials - Long Term 
Property Evaluations X 
Polymeric Materials - Use in 
Electrical Equipment 
Evaluations X 
Tests for Fire Resistance of 
Roof Covering r j o to r i a l s  
Electrical Metallic Tubing 
Service Entrance Cables 
Ground Fault C i r c u i t  I n t e r r u p t e r s  
Marking and Labeling Systems 
Wind Resistance of Prepared 
Roof Covering Materials 
Electrical Torminal Blocks 
Double Insulation Systems 
for Use in Electrical 
Equ i vment X 
Dete .,]ination of Sharpness of 
Edges on Equipment X 
Systems of Insulation Material - 
General X 
ORIGINAL PAi3'i Cjs 
OF POOR QldALDn' 
4 .  NATIONAL ELECTRICAL CODE PROVISIONS 
4 . 1  Background 
The l a t e s t  (1981) e d i t i o n  of  tho  National E lec t r i ca l .  Code (NEC) prepared 
by National  P i rc  Pro tec t ion  Associat ion Panels is t h e  guiding document 
by which t h e  accep tab i l i t y  OF mast privnta scctar commercial, 
i n d u s t r i a l ,  and r e s i d c n t i n l  a l c c t r i c n l  i n s t a l ,  l o t i o n s  is judged. 
Provisions o f  the NEC may be enforced by ~ n u n i c i p a l  a r  s t a t e  e l e c t r i c a l  
codes, which may e i t h e r  copy and quote t h e  NEC,  o r  r e f e r  t o  i t .  Thc 
municipal o r  s t a t e  codas may e i t h e r  u t i l i z e  t h e  e n t i r e  NEC o r  nrodify it 
f o r  t h e i r  own use, The municipal o r  s t a t e  codes may a l s o  refer t o  the  
NEC of a  p a r t i c u l a r  d a t e ,  even though t h a t  versjon of the  NEC might have 
been superseded by a l a t e r  vers ion .  
A new ad i t ion  of t h e  NEC is  published every 3 yea r s .  These new 
e d i t i o n s ,  p lus  Temporary In te r im Amendments allow f o r  t h e  in t roduct ion  
of p rov i s ions  covering new tocl~nology and naw product: designs.  They 
a l s o  provide  a  mechanism f o r  improving provis ions  found inappropr ia te .  
When a product or system whose a c c e p t a b i l i t y  i s  newly descr ibed i n  t h e  
NEC is i n s t a l l e d  i n  a  l o c a l i t y  using an o lde r  vers ion  of t h e  NEC, t h e  
loca l  i n spec to r  might  no t  be prepared t o  eva lua te  i ts  i n s t a l l a t i o n .  I n  
such c a s e s ,  it would be prudent f o r  t h e  prospec t ive  i n s t a l l e r  t o  contact  
t h e  l o c a l  inspec tor  beforehand, t o  d i scuss  t h e  f ea tu re s  of t h e  
i n s t a l l a t i o n ,  how it might be judged, and determine whether a var iance  
is required. With e i t h e r  a formal var iance ,  o r  an acceptance based on a 
new product  technology not  descr ibed  i n  t h e  app l i cab le  e l e c t r i c a l  code, 
it would be reasonable t o  expect  t h a t  t h e  m:rnfcipal inspectors of a 
p a r t i c u l a r  l o c a l i t y ,  a c t i n g  i n  concert, would accept t h e  new technology 
product u s ing  the  provis ions  of t h e  l a t e s t  NEC as a  guide.  
A s i m i l a r  scenar io  may a r i s e  with new technologies  t h a t  a r e  not 
addressed a t  a l l  i n  t h e  NEC, i n  which case ,  there are  no def ined  
requirements. When t h i s  occurs, more involved d iscuss ions  may be needed 
with l o c a l  inspec tors .  This  d i scuss ion  might cover t h e  s a f e t y  f ea tu re s  
contemplated f o r  t h e  system, and how t h e s e  f e a t u r e s  provide a l e v e l  of 
s a f e t y  commensurate with t h e  e x i s t i n g  code. 
The present (1981) edition of t h e  NEC does not  inc lude  any provis ions  
s p e c i f i c a l l y  r e l a t i n g  t o  photovol ta ic  syscems. I t  has been judged 
d e s i r a b l e  t o  el iminate  t h i s  void i n  o rde r  t o :  
1) descr ibe  a uniform minimum l e v e l  of s a f e t y ,  
2) remove incor l s i s tenc ies  concerning inspec tor  judgment, 
3 )  a s s i s t  and inform i n s p e c t o r s ,  
4) a l low uniformity i n  products  (e.g, - prov i s ions  fo r  wir ing  
means, mounting]. 
As a r e s u l t ,  an Ad-Hoc Subcommittee on Photovol ta ics  was formed by t h e  
NEC Cor re l a t ing  Committee t o  d r a f t  a s e t  of proposals  (which became 
proposed A r t i c l e  690) on pho tovo l t a i c s  f o r  cons ide ra t ion  for inc lus ion  
i n  t h e  1984 Edi t ion  of t h e  NEC. Proposed A r t i c l e  690 has beon assigned 
t o  NEC Code Naking Penel 3 and i s  scheduled f o r  p u b l i c  review and 
comment i n  June,  1982. Because of its pre l iminary  n a t u r e ,  t h e  t e x t  of 
proposed A r t i c l e  690 is no t  includad i n  t h i s  r e p o r t  and r e fe rences  t o  
s p e c i f i c  s e c t i o n s  a r e  paraphrased.  
The paragraphs which fo l low a r e  incendad t o  provide some understanding 
as t o  t h e  p e r t i n e n t  s e c t i o n s  of t h o  1981 e d i t i o n  of t h e  NEC and how t h e  
s ec t ions  a f f e c t  pho tovo l t a i c  i n s t a l l a r i o n s .  Statements r e f l e c t i n g  t h e  
contents  of proposed A r t i c l e  640 are [ i n  b racke t s  and unde r l ined ] ,  t o  
s i g n i f y  t h e i r  "preliminaryt '  n a t u r e .  
4 . 2  Spec i f i c s  
The fo l lowing  s e c t i o n s  of t h e  1981 NEC are considered g e n e r a l l y  
app l i cab le  t o  a l l  e l e c t r i c a l  i n s t a l l ~ t i o n s ,  and thus  should be adhered 
t o  i n  any photnvol ta ic  i n s t a l l a t i o n :  
110-7, I n s u l a t i o n  Integrity; 110-11, Deteriorating Agents; 
110-12, Mechanical Execution of  Work; and 215-2, Feeder 
Ratings and S i z e s .  
The fo l lowing  provisions a s  contained i n  s e c t i o n s  of t h e  1981 NEC are  
considered p a r t i c u l a r l y  a p p l i c a b l e  t o  p h o t o v o l t a i .  systems r a t e d  up t o  
600 v o l t s .  
For working c learances  and spaces ,  t h e  minimum r equ i r ed  ingress space 
may be as descr ibed  i n  Sec t ion  110-l6(a). 
Sect ion 200-10 covers devices  (components of  an e l e c t r i c a l  system which 
a r e  intended t o  carry but not  u t i l i z e  e l e c t r i c a l  energy) and appl iances  
( u t i l i z a t i o n  equipment built t o  perform a func t ion ,  such a s  food mixing, 
a i r  condi t ion ing ,  etc.) bu t  no t  s p e c i f i c a l l y ,  equipment used t o  genera te  
e l e c t r i c a l  energy. However, t h e  p rov i s ions  of t h i s  Sec t ion ,  b a s i c a l l y  
te rmina l  i d e n t i f i c a t i o n ,  should be app l i ed  t o  pho tovo l t a i c  modules and 
panels. The UL Proposed Standard inc ludes  an item on t e rmina l  marking 
(paragraphs 9 . 9  and 9.10) t h a t  would pruvida f o r  t h e  d e s i r e d  module 
te rmina l  i d e n t i f i c a t i o n .  (See Sec t ion  3 . 3 . 1 . 2  of t h i s  r e p o r t . )  
To apply t h e  provisions of A r t i c l e  210, t h e  wiring between the  s e r v i c e  
entrance and t h e  power condit ioning u n i t  might be considersd a "branch 
c i r c u i t " .  However, app l i ca t ion  of t h i s  term f o r  t h e  powex csnd i t  ioning 
un i t  output c i r c u i t r y  might lead t o  o g r e a t  dea l  of confusion s i n c e  it 
is not  i n  accord with the  NEC d e f i n i t i o n .  Therefore, t h e  p e r t i n e n t  
p a r t s  of A r t i c l e  210 have been r e s t a t e d  i n  proposed A r t i c l e  690, 
[Spec i f i ca l ly ,  that p a r t  of Sect ion  210-6 r e l a t i n g  t o  maximum vo l t age  
t o  ground appears i n  Sect ion  690-7; those  of Sect ion 210-19 on 
conductors - minimum ampacity and s i z e  appear as Sect ion  690-8; and! 
those of Sect ion 210-20 on overcurrent  p ro tec t ion  appear a s  Sect ioq  
690-9.1 With regard t o  Sect ion  690-9, t h e  proposal i s  formulated 
recognizing t h a t  photovol ta ic  modules a r e  inheren t ly  current lin:i,cing, 
and t h u s  under c e r t a i n  circumstances overcurrent  devices may be 
unneceqary  . 
Per Section 210-6, i n  dwell ing u n i t s ,  t h e  maximum vol tage  t o  ground 
s h a l l - n o t  oxceed 150 v o l t s  f o r  a  branch c i r c u i t  supplying screwshell  
lampholders, standard recep tac les ,  o r  appliances,  Where n 
t r ans  formerless power condit ioning  nit i s  involved, t h e  switching 
act ion of t h e  power condit ioning u n i t  may c r e a t e  a  condi t ion  where a t  
any one time a port ion of t h e  c i r c v , i t  of t h e  a r ray  i s  a t  more than 150 
v o l t s  t o  ground. [Although t h e  a r r a y  does not f a l l  under t h e  
lampholder, etc. categorv, t h e  Ad-Hoc Subcommittee has proposed t h a t  a  
reference t o  150 vo l t s  be maintained, and has proposed t h a t  photovoltaic 
source and output c i r c u i t s  over 150 v o l t s  t o  ground not  be access ib le ,  
while energized,  t o  o the r  than q u a l i f i e d  persons, Sect ion  690-7Cd). To 
provide some reasonable limit on t h e  r i s k  of e l ec t rocu t ion ,  t h e  voltage 
t o  ground (within the  a r ray)  may be permitzed up t o  600 v o l t s ,  Sect ion 
690-7 (c] . ] 
- 
Section 210-8:states t h a t  r ecep tac les  i n s t a l l e d  i n  c e r t a i n  loca t ions  i n  
dwelling u n i t s  a r e  t o  be provided with ground-fault p ro tec t ion .  The 
presence of a u t i l i t y  i n t e r a c t i v e  photovol ta ic  source cannot be 
permitted t o  compromise t h e  ground-fault  p ro tec t ion .  As shown i n  Fig .  
4 .1 ,  a photovoltaic source placed on t h e  load s i d e  of a s i n g l e  pole  
ground-fault c i r c u i t  i n t e r r u p t e r  (GFCI) i n  a branch c i r c u i t  can 
compromise such ground-fault p ro tec t ion .  Upon t h e  occurrence of a 
ground f a u l t ;  t h e  GFCI would opera te  t o  i n t e r r u p t  t h e  u t i l i t y  supply 
which causes (some time l a t e r )  t h e  photovol ta ic  supply t o  drop out. 
However, t h e  t o t a l  t ime between t h e  i n i t i a t i o n  of t h e  f a u l t  and t h e  
termination of the  output of t h e  photovol ta ic  source may exceed 25 
mil l iseconds,  t h e  longest time permit ted f o r  a 264 milliampere f a u l t .  
[The p roposa l . fo r  the  1984 Edition of t h e  NEC includes s p e c i f i c s  on how 
the  power condit ioning u n i t  output  is  t o  be  connected t o  t h e  u t i l i t y  
supply s o  that GFCI opera t ion  i s  not  compromised, Sect ion  690-64.1 
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This  use  of  ground-faul t  c i r c u i t  i n t e r r a p t o r s  i n  t h e  ac  branch c i r c u i t  
should n o t  be confused wi th  ground-fau l t  systems incorpora ted  t o  provide 
p r o t e c t i o n  i n  t h e  d c  array wir ing ,  A f u r t h e r  d i scuss ion  i s  provided i n  
Sec t ion  6 of t h i s  r e p o r t ,  
Sec t ion  210-22Ic) gene ra l ly  limits continuous 1oads"on a branch c i r c u i t  
t o  80% of t h e  r ac ing  of t h e  branch. This r e s t r i c t i o n  i s l a p p l i e d  t o  
i n s u r e  t h a t  overcur ren t  devices  ( fuses  and c i r c u i t  breakers) used 
s ide-by-s ide  i n  a panelboard w i l l  not be mutually overheated and 
ope ra t e .  Although t h e  conductors  from t h e  s e r v i c e  equipment [ see  
National E l e c t r i c a l  Code d e f i n i t i o n )  t o  t h e  power conditi .oning u n i t  are 
not  l i t e r a l l y  a branch c i r c u i t ,  t h e  80% f i g u r e  i s  v a l i d  t o  ensu re  t h a t  
overcur ren t  and s h o r t - c i r c u i t  p r o t e c t i v e  devices  ( f u s e s  and c i r c u i t  
b reakers )  i n  t h e  power cond i t i on ing  u n i t  ou tput  c i rcui t  are no t  
overheated and opera ted .  This  s t i p u l a t i o n  should thus  be app l i ed  t o  t h e  
power conditioning u n i t  ou tpu t  c i r c u i t  and t o  t h e  p h o t o v o l ~ a f c  source 
and o u t p u t  ci.rcuits. {The proposa l  f o r  t h e  1984 NEC s p e c i f i e s  tha.t 
conductors and overcurrent devices have an ampacity 125% Cthe r e c i p r o c a l  
of 80%) of  t h e  r a t i n g  of t h e  modules, Section 690-8.1 
The requirements of A r t i c l e  225, Outdoor C i r c u i t s ,  a r e  l i k e l y  t o  have an 
o v e r a l l  bear ing  on pho tovo l t a i c  i n s t a l l a t i o n s .  Por t ions  considered 
r e l e v a n t  and which may be app l i ed  without  modi f ica t ion  a r e  Sec t ions  
2 2 5 - 4 ,  Conductor Covering; 226-6, Overhead Spans; 225-10, Wiring on 
Buildings,  225-11, Circuit Exit and Entrances;  225-12, Open-Conductor 
Supports;  225-14, Open-Conductor Spacings; 225-15, Supports Over 
Buildings;  225-16, Poin t  of  Attachment t o  Bui ld ings ;  225-17, Means of 
Attachment t o  Buildings;  225-18, Clearance from Ground; 225-19, 
Clearances from Buildings for Conductors of Not Over 600 Volts; 225-20, 
Mechanical P ro t ec t ion  of Conductors; 225-21, Multi-Conductor Cables on 
E x t e r i o r  Surfaces of Bui ld ings ;  and 225-22. Raceways on E x t e r i o r  
Surfaces of Buildings. 
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The genera l  p rovis ions  of A r t i c l e  230, Par t  R Service  Equipmint - 
Disconnecting Means, have been proposed a s  app l i cab le  t o  pho tovo l t a i c  
systems, [Exceptions made are  t h a t  t he  d isconnect ing  means not be 
required t o  ba s u i t a b l e  f o r  use  as s e r v i c e  equipment, znd t h a t  c e r t a i n  
equipment, e . g . ,  blocking d iodes ,  i s o l a t i n p  swi tches ,  overcurrent 
devices ,  be permit ted ahead of t h e  d isconnect ing  means. Part C ,  
Disconnecting Means, of proposed A r t i c l e  690, s p e c i f i c a l l y ,  Sec t ions  
690-13 through 690-17 covers t h i s . ]  
- 
Provisions of  Sec t ion  230-71 and 230-72 a r e  considered app l i cab le  t o  
pho tovo l t a i c  systems; thus  t h e  array s h a l l  be d isconnectab le  from tl-e 
power condi t ion ing  u n i t  by a maximum of 6 switches ( o r  handle throws) ,  
I t  is  t o  be noted t h a t  t h e  p re sen t  "grouping requirement" of Sec t ion  
230-72, r equ i r e s  t h a t  a l l  six movements be made i n  a s i n g l e  l o c a t i o n ,  
The provis ions  of Sec t ion  230-95, appl ied  t o  s e r v i c e s  r a t e d  1000 amperes 
o r  more, and t h u s  gene ra l ly  app l i cab le  t o  commercial, i n d u s t r i a l ,  o r  
load cen te r  i n s t a l l a t i o n s  only ,  w i l l  not be achieved uv'ess t h e  
i n t e r a c t i v e  (photovol ta ic )  source i s  a l s o  i n t e r r u p t o d  on t h e  occurrence 
of a ground f a u l t ,  (Other requirements a r e  l i k e l y  t o  mean t h a t  chis 
w i l l  be automatic  wi th  l o s s  of  s e r v i c e . )  I n  a d d i t i o n  t o  i n t e r r u p t i n g  
t h e  circuit a t  t h e  s e r v i c e ,  t h e  i n t e r a c t i v e  source  should be i n t e r r u p t e d  
a s  c lo se  to t h e  power condi t ion ing  u n i t  as poss ib l e .  However, t h e  
overcurrent  devices  t o  p l ~ e e c t  the s e r v i c e  en t r ance  t o  cond i t i one r  
wir ing should be as c l o s e  t o  t h e  s e r v i c e  en t r ance  o r  remote panel  as 
poss ib le .  
Sect ion 240-21 s t a t e s  t h a t  an overcur ran t  dev ice  s h a l l  be provided a t  a 
po in t  where t h e  conductor t o  be p ro t ec t ed  r ece ives  i t s  supply. fn the 
case  of a photovolcaic  array with  i t s  inhe ren t ly - l imi t ed  c u r r e n t  ou tpu t ,  
and where t h e  conductors a r e  s i z e d  on the b a s i s  of t h e  s h o r t - c i r c u i t  
cu r r en t ,  it is  considered unnscessary t o  r e q u i r e  ove rcu r ren t  p r o t e c t i o n  
i n  the  array-to-power condi t ion ing  u n i t  conductors o r  a t  the power 
condi t ion ing  u n i t  end of the service- to-power-condit ioning-uni t  
conductors.  However, fu ses  t o  p r o t e c t  i nd iv idua l  pho tovo l t a i c  source  
c i r c u i t s  may be  warranted. 
Circuit breakers  (main and branch) used where t h e r e  i s  a p o s s i b i l i t y  of  
a reversed power flow, as i n  t h e  s e r v i c e  of a pho tovo l t a i c  equipped 
res idence ,  e t c . ,  may have to be rated as  acceptab le  f o r  reversed  
l i ne - load  connect ion.  
When an a r r a y  is mounted on a b u i l d i n g  and t h e  array-to-power 
condi t ion ing  unit wir ing  takes t h e  s t a t u s  of premises w i r ing  ( f o r  
example, i n  t h e  case where t h e  a r r a y  t o  power cond i t i on ing  unit wir ing  
is  permanently a t tached  t o  a b u i l d i n g ) ,  a p p l i c a t i o n  of Sec t ion  200-2 
(premises wiring s h a l l  have a grounded conductor) is  f e a s i b l e  i f  t h e  
array is  t ransformer i s o l a t e d  from t h e  u t i l i t y  supply.  However, with 
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c e r t a i n  types of t r ans fo rmer l e s s  power condi t ion ing  u n i t s ,  d i r e c t  
grounding of t h e  a r r a y  c i r c u i t  may prevent  system operation. In t h i s  
case an i n d i r e c t  ground r e f e r e n c e  effectGd through the  power 
cond i t i on ing  u n i t ,  inc luding  a means t o  d i s s i p a t e  s t a t i c  charges,  may be 
s u f f i c i e n t  t o  meet t h e  objective of  Section 250-51. [The proposal  f o r  
t h e  1984 e d i t i o n  of  t h e  NEC i s  "other methods which accompiish 
oql!,ivalent system p r o t e c t i o n ,  and which u t i l i z e  equipment l i s t e d  and 
i d e n t i f i e d  f o r  t h e  use s h a l l  be permit tedt ' .  Sec t ion  690-41. ] Where 
t h e  a r r ay  c i r c u i t  ground is c a r r i e d  through t h e  power condi t ion ing  u n i t ,  
p rov i s ion  should be made for an a r r a y  c i r c u i t  ground connect ion even 
w i t h  t h e  power condi t ion ing  u n l t  turned off. A resistive connection 
e f f e c t e d  between the  a r r a y  subsystem and ground might be used t o  
accomplish t h i s .  
In  any case,  both c i r c u i t  and a r r a y  frame should be  connected t,o ear th  
(grounded) through a conduct ing means capable  of c a r r y i n g  any cu r ren t  
likely t o  be imposed on them by any o t h e r  p o r t  l i k e l y  t o  con tac t  them. 
Genera l ly ,  a grounding connect ion i s  made as  close t o  t h e  source a s  
possible. To permit  t h e  i n s t a l l a t i o n  of  var ious  p r o t e c t i v e  systems ... 
['the proposal for t he  1984 e d i t i o r .  of t h e  NEC permi ts  t h e  g r p u n d i n ~  
connect ion to be made anywhere on t h e  pho tovo l t a i c  ou tpu t  c i r cu i t ,  
Sec t ion  6 9 0 - 4 2 .  ] 
A ground a t  t h e  e l e c t r i c a l  c e n t e r  of a dc o r  s i n g l e  phase a c  c i r c u i t  
r e s t r i c t s  t h e  vo l t age  between any p a r t  of  t h e  c i r c u i t  and e a r t h  t o  h a l f  
t h e  c i r c u i t  va lue .  This  i s  a b e n e f i t  n o t  obtained with a p o s i t i v e  or 
nega t ive  ground. [To ensure  t h i s  b e n e f i t ,  t h e  NEC proposai  for 
p h o t ~ v o l t a ~ ' . ~  systems s p e c i f i e s  t h a t  a n e u t r a l  conductor of  a 3-wire 
system Ctbe c e n t e r  of t h e  c i r c u i t )  is t o  be grounded, Sec t ion  690-41.1  
Sec t ion  250-26,  %rounding Sepa ra t e ly  Derived A l t e r n a t i n g  Current  
systems", i s  not  app l i cab le .  The i n t e r a c t i v e  source does not  const,itilte 
a "separately derived" system. Thus, assuming that. t h e  c i r c u i t  i s  
grounded a t  the f i r s t  source ,  no conduct ive path i s  t o  be provided 
betwben t h e  groundiirg and grounded conductors a t  t h i s  i n t e r a c t i v e  
sou rce .  See Sec t ion  250-23. 
The following d e f i n i t i o n  h a s  been prepared f o r  this report and does' no t  
appear  i n  t h i s  form i n  t h e  NEC. 
Sepa ra t e ly  Derived System - A system whose power is  derived from 
windings or  c e l l s ,  and which has no d i r e c t  e l e c t r i c a l  connection, 
i nc lud ing  no s o l i d l y  connected grounded c i r c u i t  coni:ceor, t o  supply 
conductors of another  system, 
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PANELBOARD 1 SERVICE 
FIGURE 4.2 
GROUNDING SEPARATELY DERI'mD SYSTEMS 
I GROUND FAULT SENSOR 
I I 
BRAN CI3 
/ 1- - - 
ASSUMED FADLT 
I 
I P 1 SERVICE 
- 
- 
POIQ3R CONDITIONER J 
SHALL DIAMETER CONDUCTORS- 
NO PROTECTIVE, DEVICES IN 
EITHER. 
REMOTE PANELBOARD 
-- 
*\ GROUNDING CONDUCTOR MAY BE 
SMALLER THAN CURRENT-CARIiYING 
CONDUCTORS, SEE NEC T A B U  250-95 
F I G U R E  4 . 3  
GROUNDING SEPARATELY DERIVED SYSTEMS- 
CURFG3NT FLOW WITH FAULT 
ORIGINAL PAGE 19 
OF POOR Q U A L l n  
For a s e p a r a t e l y  der ived  system, a bond should be  provided a t  t h o  source  
between t h e  grounding and grounded conductors ,  Sec t ions  250-5 ,  P a r t  (d)  
and 250-26. A stand-along power condi t ion ing  u n i t  is  l i k z l y  t o  be t he  
source f o r  o s e p a r a t e l y  de r ived  system. 
Other NEC provis ions  r e l a t i n g  t o  grounding and considered a p p l i c a b l e  t o  
pho tovo l t a i c  systems a r e  250-21, Object ionable Curren t ;  250-22, Point  of 
Connection Eor'Direct'Current Systems; 250-42, Equipment Fastened i n  
Place o r  Connected by, Permanent Wiring blothods (Fixed) ; 250-46, Spacing 
from L i g h t n i n ~  Rods; .250-58, Equipment Considered E f f e c t i v e l y  Grounded; 
250-72, Method of Bonding Service Equipment; 250-91, Mater ia l  (For 
Grounding Conductors]; and 250 P a r t  K, Grounding Conductor Connections. 
. . 
.Port ions of B r t i c l e s  300, Wiring Methods; and 310, Conductors f o r  
,General  Wiring, axe a l s o  cons idered  app l i cab le  t o  a pho tovo l t a i c  
i n s t a l l a t i o n , .  They-are  Sec t ions  300-15, Boxas o r  F i t t i n g s  - Where 
Required; 310-5, Ninimum S i z e  Conduccbrs; and 310-12(b),  Conductor 
I d e n t i f i c a t i o n  (Grounding Conductors) .  
Por t ions  of  Articles 318, Cable Trays;  320, Open Wiring on Insu la%ors ;  
338, Serv ice  Entrance Cable; 339,  Underground Feeder and Branch-Circuit  
Cable; and 4 g 0 ,  Storage B a t t e r i e s ,  may a l s o  be a p p l i c a b l e  t o  
.photovol ta ic  i c s t a l l a t i o n s .  I f  b a t t e r y  i n s t a l l a t i o n s  become a f e a t u r e  
of. '  residential systems, it would appear t h a t  mcre d e t a i l  would be 
necessary i n  A r t i c l e  4 8 0 .  
Because bf ' p o s s i b i l i t i a s  of  pha'se imbalance, s i n g l e  phasing of a t h r e e  
phase power condi t ion ing  u n i t  and c e r t a i n  connect ions o f  a s i n g l e  phase 
-power cond i t i on ing  u n i t  t o  a t .hree phase system a r e  undes i r ab le .  
[Unless t h e  interconnected system i s  designed s o  t h a t  s i g n i f i c a n t  
unbalanced vol tages  w i l l  n o t  result, the NEC proposa l  would no t  permit 
t h e  connect ion of t h e  ou tpu t  of a s ing le-phase  power condi t ion ing  u n i t  
t o  a t h r e e  phase t h r e e  o r  f o u r  wire  d e l t a  connected system. The NEC 
proposal  a l s o  would r e q u i r e  t h a t  for a  three-phase power condi t ion ing  
u n i t ,  a l l  ungrounded conductors  of t h e  in te rconnected  system 
automat ica l ly  disconnect  when one of t h e  phases opens i n  e i t h e r  source .  
Reference, proposed Sec t ion  690 -63 .1  
[Proposed Sec t ion  690-61 for t h e  NEC covers  t h e  p r o h i b i t i o n  on reversed  
power f low.]  The cnscorner's power condi t ion ing  u n i t  s h a l l  no t  ene rg i ze  
otherwise dead power l i n e s .  
Cable and raceway wiring may be used w i t h i n  t h e  l i m i t a t i o n s  descr ibed  i n  
t h e  NEC. The o n l y  p r e s e n t l y  acceptable  "open wiringv' scheme for outdoor  
use would be  one u t i l i z i n g  m u l t i p l e  conductor Type UF (underground 
feeder )  c a b l e .  Because of t h e  economic p e n a l t i e s  involved wi th  the use 
of both m u l t i p l e  conductor cab le s  and other p r e ~ s n t l y  acceptable methods 
(conduit ,  raceways), there is  an i,ncenrive t~ develop new wiring methods 
s p e c i f i c a l l y  aimed a t  photovoltaic syst,ems, 
[The proposa l  f o r  t h e  1984 E d i t i o n  o f  t h e  NEC permi ts  s i n g l e  conductor 
Type UF cable, Seccion 690-31 (b ) . ]  
5, ARRAY SUBSYSTEM GROUNDING 
5.1 Background 
A primary concern, having d i r e c t  impact on modulelarray subsystem s a f e t y  
concepts, and a lso .  r e l a t e d  t o  i n s t a l l a t i o n  methods and app l i ca t ion  
p rac t i ces ,  is  the  sub jec t  a f  grounding. An e f f e c t i v e  grounding scheme, 
incorporat ing both 'a  system ( c i r c u i t )  ground and a frame ground, serves  
t o  reduce t h e  r i s k  of Eire hazard r e s u l t i n 6  from i n s u l a t i o n  f a i l u r e s  and 
minimize t h e  r i s k . o f  shock hazard resu l t i r .2  from contac t  with t h e  frames 
of an e l e c t r i c a l  system. Shock hazard r e s u l t i n g  from contac t  with an 
ar ray  i s  8 function of t h e  e l e c t r i c a l  i s o l a t i o n  c a p a b i l i t y  of the  
photovoltaic mbdule, which i s  prescribed not  by t h e  ind iv idua l  module 
voltage', b u t  by the  maximum voltage with respect  t o  some e l e c t r i c a l  
reference, usual ly  e a r t h  ground. The a r r a y  subsystem grounding 
conf igura t ion  bs ,an  i n s t a l l a t i o n - o r i e n t e d  concern under t h e  purview of 
t h e  NEC which d i r e c t l y  a f f e c t s  modhle insu la t ion  requirements. 
5 .2  System Ground 
A system ( c i r c u i t )  ground is incorporated t o  prevent system voltage from 
r i s i n g  abpve the.  insu la t ion  c a p a b i l i t y  as a r e s u l t  of lightning, l i n e  
surges,  and. induced voltages from adjacent  c i r c u i t s ,  s t a t i c  charges, and 
unintent ional  contact  with higher vol tage  l i n e s ;  t o  s t a b i l i z e  t h e  
voltage io ground during normal opera t ion;  and t o  f a c i l i t a t e  the opening 
of overcurrent  devices,  A system ground is usual ly  e s t ab l i shed  by 
physfcalPy connecting one sfde (the positive o r  negat ive  of t h e  
c i r c u i t ) ,  o r  some o the r  p a r t  of t h e  c i r c u i t  such as t h e  cen te r ,  t o  
e a r t h .  A ground a t  t h e  e l e c t r i c a l  cen te r  of a  dc or single-phase ac 
c i r d u i t  r e s t r i c t s  the  vol tage  between any p a r t  of t h e  c i r c u i t  and earth 
t o  ha l f  the c i r c u i t  va lue ,  a benef i t  not  obtained w i t h  c i r c u i t s  using a 
p o s i t i v e  o r  negative ground. 
For some photovoltaic appl ica t ions  t h e  concept of ' v i r t u a l '  ground may 
be appropr ia te .  A v i r t u a l  ground provides a point  that i s  e l e c t r i c a l l y  
a t  ground p o t e n t i a l ,  but has no physical  connecr9on t o  e a r t h  ground. 
For a  photovoltaic a r ray ,  a v i r t u a l  ground provides t he  same benef i t s  as 
a  s o l i d  ground, i n  t h a t  it s t a b i l i z e s  system vol tages  and provides a 
path t o  d i s s i p a t e  s t a t i c  charges. 
An example of a system using a v i r t u a l  ground is t h e  MIT/LL prototype 
located a t  t h e  Northeast Res ident ia l  Experimental S t a t i o n  (NE RES). A 
schematic diagram d e t a i l i n g  t h i s  system is  presented i n  Appendix G ,  
Development of DC Ground Fau l t  Detector .  A t ransformer less  power 
condit ioning u n i t  provides i n t e r a c t i o n  between t h e  s i n g l e  phase, cen te r  
grounded 120/240 v o l t  utility supply and t he  a r ray .  The'midpoinc of t h e  
a r ray  is a t  grounded p o t e n t i a l  i n  t h i s  arrangement. 
ORIGINAL FA':;., " 
OF POOR QU&:-c i.'f 
While n e i t h e r  t h e  p re sen t  (1981) NEC nor the proposal f o r  t h e  1984 NEC 
e i t h e r  mentions ' v i r t u a l  ground'  by name o r  o therwise  desc r ibes  it ,  it 
is  expected t h a t  such could be accepted under the Exception t o  proposed 
Sec t ion  690-41; see commentary i n  Chapter 4 .  
5.3 Frame Ground 
A frame ground i s  incorpora ted  t o  l i m i t  tha vo l t age  t o  ground on exposed 
metal  p a r t s  by providing a  low impedance p a t h  t o  ear th  and t h u s ,  
gene ra l ly ,  t o  f a c i l i t a t e  ove rcu r ren t  device  ope ra t ion  i n  t h e  cake of 
ground f a u l t s .  A frame inc ludes  a l l  noncurren t -car ry ing  metal  
e l e c t r i c a l  equipment s t r u c t u r e s ,  suppor ts  and enc losu res ,  The 
requirement far an effect ive frame ground i s  a permanent and continuous 
pa th  of s u f f i c i e n t l y  low impedance t o  (1) l i m i t  shock vo l t age  t o  a s a f e  
va lue ;  and (2).cond+uct ground-fau l t  c u r r e n t  t o  assure  f a s t  operat ion of 
overcur ren t  devices .  
A t  p r e sen t ,  t he  consensus ( ~ ~ ~ ~ " i i b ;  HOC Subcommittee on Photovol ta ics )  i s  
t h a t  exposed noncurrent-carryi4g4metal p a r t s  of equipment and conductor 
enclosures  should be grounded t o  t h e  grounding e l e c t r o d e  of the 
d i r e c t - c u r r e n t  system. 
5.4 Grounding Techniques 
The following examples serve a s  a means of  i l l u s t r a t i n g  s e v e r a l  b a s i c  
s a f e t y  schemes and grounding techniques a p p l i c a b l e  t o  pho tovo l t a i c  
systems. These may o r  may not inc lude  devices o r  c i r c u i t s  covered i n  
t h e  present  NEC o r  proposed A r t i c l e  690. 
CASE 1: 
A grounded a r r a y  system (Figures  5.1 and 5 . 2 )  i l l u s t r a t e s  t h e  b a s i c  
concepts of a r r a y  subsystem grounding. The a r r a y  c i r c u i t  is grounded 
through t h e  t r ans fo rmer l e s s  power conditioning u n i t  by grounding 
r e s i s t a n c e  R and t h e  a r r a y  frame is grounded by r e s i s t a n c e  R 1 ' 5 
(conductor,  frame, and so i l  r e s i s t a n c e ) .  An assumed a r r a y  
c i r c u i t - t o - f r a m e  f a u l t ,  R may r e s u l t  i n  en e l e c t r i c a l  shock hazard t o  4 ' 
persons con tac t ing  t h e  a r r a y  frame, ( c u r r e n t  through body r e s i s t a n c e  Rb) 
unless  t h e  frame grounding resistance R i s  low r e l a t i v e  t o  body ground 5 
pa ths ,  o r  body paths  a r e  p a r a l l e l e d  by o ther  low r e s i s t a n c e  p a t h s ,  Table 
5 . 1  identifies r e l a t i v e  values f o r  t h e  r e s i s t a n c e s  R 2 ' Rg, and R5 
represent ing  ground pa ths ,  and whether o r  n o t  t h e  p r o b a b i l i t y  fo r  shock 
hazard i s  h igh  o r  low f o r  v a r i o u s  values of these  r e s i s t a n c e s .  
PV SOURCE 
-49 - 
TRANSFORMERLESS 
POWER 
C O N D I T I O N I N G  UNIT 
AC 
D C  
FIGURE 5.1 
GROUNDED ARRAY SYSTEM 
YE- 
GROUNDING ELECTRODE 
F I G U R E  5 . 2  
EQUIVALENT C I R C U I T  OF FIGURE 5.1 
ORIGINAL FAG:: I3 
OF POOR QUALITY 
TABLE 5 . 1  
RESOLUTION OF HAZARD CONDITIONS 
Figuros 5,l and 5 . 2  
0 Low High 1:nult''t 'rIig11 Low 
0 High# Any Poult* Any  lot^ 
0 Any Lor$# Fault$'# Ally Low 
0 Any Any Fnult : '  Law# Low 
Shock Haznrd 
P r o b a b m  
lligll 
LOW 
Law 
Low 
/j C h a r n c t c r i s t i c  t h a t  reduces sllock llazord p r o b a b i l i t y .  
2': Ncar short c i r c u i t .  
R2 is  rcsisritnco botwoen corth's surfsca and docp e a r t h .  
R3 is  r c s i s t n n c a  across  oorth's surfacc. 
Because of t h o  hazard p o s s i b i l i t i e s  desc r ibed ,  an i n s t a l l o t i o n  as  do- 
s c r ibed  abovo would be o f f c c t i ~ r o l y  proscribed by tlla provis iat ls  of 
Sec t ions  250-57 and 250-91(c) of t h e  NEC, 1981; ~ i l i c h  desc r ibe  equipment 
f ranlo grounding nrcthods . Basically, thorn s l l n l l  be on cquipmont 
grounding conductor cont~octcd between tile array framo and ea r th  a t  t h o  
b u i l d i n g  sourco .  
CASE 2:  
The a r r a y  f r a m o  i s  a d d i t i o n a l l y  grounded through R6 t o  the grounding 
o loc t rodc  at the servicc ontrance,  see Figures 5.3 and 5 .4 .  T h i s  scheme 
reduces t h e  p r o b a b i l i t y  of e l e c t r i c a l  shock by provid ing  an alternate 
ground path. I t  is  of  b e n e f i t  i n  s i t u a t i o r  where s o i l  c o ~ ~ d i t i o i ~ s  could 
r e s u l t  in thc corros ion  and e l i l n inn t i on  of ,he grounding e l e c t r o d e  R 5 ' 
If R6 is low (and assunling R1 is  low) shock hazard s i t u a t i o n s  a t  t h o  
a r r ay  frnmc a r c  minimal. 
CASE 3 :  
Buried cables around t h e  array keep t h o  s o i l  a t  the same e l u c t r i c a l  
porcncial a s  t h e  array frame. Sce Figures 5.5 nnd 5 . 6 .  Because of the 
buried cnblos ,  t h c r e  will be no voltage d i f f e r c n c c  between tho array 
frame and l u c a l  onrth, regardless of t h e  cond i t i on  of the local ground 
from thc n r r a y  t o  eruc  e a r t h ,  R o r  t h e  cond i t i on  of the local ground 5 
immediately under t h e  buried cab le s  to t rue  e a r t h ,  R2. Thus shock 
hazard s i t u a e i o i ~ s  a t  Lhc nrray fraalo are  m i n i m n l .  
Again, t h e  provis ions  of Sec t ions  250-57 and 250-91(c) \could rcndcr  thc  
abave desc r ibed  i n s t a l l a t i o n  unncceptnble i n  tha t  there i s  no equipmont 
grounding conductor betwean the nr ray  fra!ue and e a r t h  a t  tho b u i l d i n g  sourca .  
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PV SOURCE 
I 
GROUNDING EIECT'RODE 
EARTH LEVEL 
TRANSFORMERLESS 
POWER CONDITIONING UNIT 
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6 ,  GROUND FAULT SYSTEMS 
6 . 1  Background 
To complement system and frame grounding, one or more of t h e  fol lowing 
should be considered fo r  incorpora t io r  i n  t h e  photovol ta ic  array system: 
redundaat grounding, ground f a u l t  de tec t ion  and reac t ion  c i r c u i t r y ,  
overcurrent  sensors and c i r c u i t  i n t e r r u p t a r s ,  a r ray  conf igura t ion  and 
component l oca t ion ,  and adequate insu la t ion  and barr iers  t o  preclude 
contact with l i v e  circuit  parts. 
In conventional power systems, arc ing f a u l t s  t o  ground end t o  p a r t s  of  
d i f f e r e n t  p o t e n t i a l  within t h e  dedicated cur ren t  p a t h  a r e  f requent ly  
c leared by overcurrent p r o t e c t i v e  devices, The act ion of t h e  
overcurrent  device is  mode poss ib le  by t h e  r e l a t i v e l y  high f a u l t  
currents a v a i l a b l e  from t h e  source ,  In  the case of photovol ta ic  sources 
that are  inherent ly  current - l imi ted ,  action by overcurrent p r o t a c t i v e  
devices t o  c l e a r  f a u l t s  t o  ground and wi th in  t h e  pa th  might not  occur,  
and other means may be necessary t o  prevent  sus ta ined arcs, and their 
r e s u l t a n t  f i r e  hazard p o s s i b i l i t y .  In this sec t ion  t h e  use use of 
ground f a u l t  systems i s  examined w i t h  respect t a  photovol ta ic  a r rays .  
Curren t  flow i n  a s i n g l e  phase (ac) or  dc  e l e c t r i c a l  c i r c u i t  involves 
currents of equal magnitudes i n  the two provided conductors. When t h e  
c i r c u i t  1s provided with a ground connection a t  only one po in t ,  as i n  
ordisqry  power systems where one conductor ( the  g r o u n d d  conductor) i s  
d e l i b e r a t e l y  connected t o  ground, t h i s  equa l  magnitude colldition remains 
t r u e .  In t h i s  circumstance, t h e  points  of t h i s  ground connection are 
r e s t r i c t e d  and contro l led .  However, i f  t h e  c i r c u i t  conta ins  a ground 
connection a t  more than one p o i n t ,  t h i s  equal magnitude condit ion is  
no longer s a t i s f i e d .  Fi8ure 6 . 1  shows how an add i t iona l  ground 
connection, a f a u l t  R1, aE t h e  load,  r e s u l t s  i n  unequal magnitude 
cur ren t s .  
The unequal magnitude cur ren t s  may be de tec ted  and used t o  e f f e c t  
des i red  reac t ion  such as c i r c u i t  shut-down. The allowable magnitude and 
dura t ion  of the f a u l t  i s  dependent upon whether s ~ c h  cu r ren t  i s  flowing 
through a body, i n  which case it may c o n s t i t u t e  a shock hazard, o r  
through another conductive p a t h ,  i n  which case it may c o n s t i t u t e  a f i r e  
hazard. 
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I 
UNEQUAL 
MAGNITUDE 
I CURRENTS 
FIGURE 6.1 
FAULT AT LOAD RESULTING IN UNEQUAL 
MAGNITUDE CURRENTS 
If a shock hazard condi t ion  is  t o  ba eliminated,  t h e  magnitude and/or 
durat ion of t h e  cu r ren t  must be severe ly  r e s t r i c t e d .  For nominal 120 
vo l t  ac c i r c u i t s ,  f a u l r  currents of as low as 6 milliamperes must.be 
i n t e r rup ted  within 5.6 seconds while times as s h o r t  as 25 mil l iseconds 
are required where t h e  f a u l t  current  i s  264 rnillismperes. For dc 
c i r c u i t s  higher cu r ren t s  may be allowed. Levels of up to t30  
milliamperes may be acceptable, depending upon r i p p l e  v6lFages present. 
Only where t h e  potential for f i r e  hazards alone are t o  be'considered, 
can longer times and/or higher currents be t o l e r a t e d .  . ' 
Although a curve defining t~cceptable cur ren t  du ia t ion  versus current 
l eve l s  for dc has not  been es tab l i shed ,  a s t a r t i n g  po in t  might be t h e  
emperically derived curve f o r  voltages from 30 to 200 volts spec i fy ing  
operat ion for 60 h e r t z  ac ground fault: c i r c u i t  i n t e r r u p t e r s :  
where I is  f c u l t  cu r ren t  i n  rms milliamperes and T is maximum response 
time i n  seconds. 
The present  NEC describes ground f a u l t  systems f o r  powered (use) 
equipment i n  ac c i r c u i t s ,  with t he  reac t ion  being an i n t e r rup t ion  of t h e  
power t o  t h a t  circuit. I t  appears feasible t o  extend the uses of ground 
fault systems to provide p ro tec t ion  i n  source c i r c u i t s  such as dc 
arrays. Where t h e  c i r c u i t  t o  be protec ted  is  a source that is not 
e a s i l y  o r  quickly  capable of being turned o f f ,  o the r  r eac t ions  need t o  
be taken t o  c o r r e c t  a hazardous s i t u a t i o n ,  
Ground f a u l t  systeins as appl ied  t o  photovol ta ic  systems may be used f o r  
f i r e  hazard purposes only, o r  for both f i r e  and personnel protec t ion .  
In  general  power systems, f i r e  hazard s i t u a t i o n s  a r e  crea ted  by e i t h ~ r  
I bo l t ed  f a u l t '  o r  arcing conditions. Bolted f a u l t  condi t ions  are not  
considered a f i r e  hazard problem i n  photovoltaic power systems because 
of the  inherent  current  l i m i t a t i o n  of t h e  source,  Arcing condit ions are 
considered undes i rable ,  and assuming t h e  arc has commenced, t h e  extent  
of t h e  problem is  dependent upon the mate r i a l s  involved i n  t h e  arc path, 
the  i n t e n s i t y  of t h e  a r c ,  and c l ima t i c  f a c t o r s .  Whether the a r c  is  ac 
or  dc  may a l s o  be of concern, a s  a dc a r c  may be more severe. 
Shock hazard s i t u a t i o n s  are a l s o  considered ~ m d e s i r a b l e ,  and assuming 
t h a t  insu la t ion  has f a i l e d  which will allow personal con tac t ,  t h e  extent* 
o f  t h e  problem is dependent upon the body c u r r e n t ,  which is  a function 
cf applied vo l t age ,  and body res i s t ance .  Body r e s i s t a n c e  mag be 
influenced by c l i m a t i c  f a c t o r s ,  and is l i k e l y  t o  be nonl inear  with 
applied voltage, decreasing wi th  increas ing voltage.  While acceptable 
l e v e l s  of dc currants versus app l i ca t ion  t ime have n o t  yet been 
f ~ s t a b l i s h e d ,  they are l i k e l y  t o  be more than t he  permit ted ac values.* 
Because of power condit ioning unit operat ion,  t h e  vol tages  on an a r r a y  
may be a composite of ac and dc ,  and my ac component w i l l  g rea t ly  
reduce the  al lowable dc cu r ren t  component. Figure 6.2 descr ibes  what 
may be maximum allowable body cur ren t s ,  where the c u r r e n t s  are a 
composite of a l t e r n a t i n g  and d i r e c t  components. 
Principles of Operation 
Ground f a u l t  systems may be e i t h o r  t h e  d i f f e r e n t i s 1  type  o r  the  d i r e c t  
g roa rd  current  de tec t ion  type.  An example of a d i f f e r e n t i a l  type 
app l i ed  to  provide p ro tec t ion  i n  an array c i r c u i t  i s  shown i n  Figure 
6.3. D i f f e r e n t i a l  types funct ion  by sensing t h e  d i f f e r e n c e  i n  cu r ren t s  
I 1  between the  two conductors of the c i r c u i t ,  and by genera t ing  c trip1'  
s i g n a l  i f  t h e  segnitude of t h e  d i f f e r e n ~ i a l  ( f a u l t )  cu r ren t  exceeds a 
prese lec ted  value. An example of a d i r e c t  ground cur ren t  de tec t ion  type 
is shown i n  Figure 6.5.  Direct ground de tec t ion  types funct ion  by 
sensing the cur ren t  through the  provided grounaing path. If t h i s  
current exceeds a p rese l sn tad  f igure  ( t h e  f a u l t  cur ren t ]  a "trip" signal 
is generated. 
*Standard f o r  Sa fe ty  - Ground-Fault C i rcu i t  InLerrupters ,  UL 943-1972. 
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In  u t i l . i z ing  ground f a u l t  systems, it is  necessary t o  c o n t r o l  t h e  
loca t ion  of both the c i r c u i t  grounds and d e t e c t o r ( s ) ,  Thei r  locat ion  
w i l l  determine t h e  s p e c i f i c  c i r c u i t  a reas  afforded p ro tec t ion .  (No 
ground fault system w i l l  respond i n  t h e  case  of l i n e - t o - l i n e  f a u l t  
c u r r e n t s . )  The effec t ivenass  of a d i f f e r e n t i a l  type  ground f a u l t  
sensor is  l imi ted  t o  ground f a u l t s  on t h e  side of t h e  ground falilt  
sensor  away from the  provided ground. For t h i s  reason, t h i s  type of 
de tec to r  should be located as c l o s e  t o  t h e  power condi t ioning u n i t  as 
is pxact ica l ,  or perhaps be a p a r t  of t h e  power condi t ioning u n i t ,  For 
t h a  c i r c u i t  of Figure 6.3, ground £cu l t  p ro tec t ion  would be provided 
only i n  the  c i r c u i t  on the array s i d e  of t h e  de tec to r ,  and only i f  there 
a r e  no grounds in t he  grounded conductor on this a r ray  s i d e  of t h e  
de tec to r .  A 3  shown i n  t h e  c i r c u i t  of Figure 6 . 4 ,  a redrawing of t h e  
c i r c u i t  of Figure 6 .3  t h a t  conta ins  an add i t iona l  unwanted ground A on 
t h e  ar ray  s i d e  of t h e  de tec to r ,  a f a u l t  c u r r e n t ,  ( cu r ren t  through 
resistor R1), i f  i t  develops, may re -en te r  t h e  normal c u r r e n t  path on 
t h e  array s i d e  of t h e  ground fault sensor,  r e s u l t i n g  i n  i n s u f f i c i e n t  
imbalance for  f a u l t  current  de tec t ion .  Unwanted ground connections may 
occur as  a r e s u l t  of d e t e r i o r a t i o n  of i n s u l a t i o n  or misconnections. 
With t h i s  s i t u a t i o n ,  a ground f a u l t  system might f a i l  t o  opera te  upon 
t h e  occurrence of a ground f a u l t .  (The l ike l ihood  of such an added 
ground developing i n  a c i r c u i t  wi th  a " v i r t u a l  groundt' may be' minimal, 
as described following.) 
Because of t h i s ,  UL requirements for  ac ground f a u l t  c i r c u i t  
i n t e r r u p t e r s ,  (GFCI'S) s t a t e  t h a t  ground f a u l t  p ro tec t ion  s h a l l  be 
provided when t h e  c i r c u i t  conductor t h a t  is normally grotlndod a t  t h e  
s e r v i c e  only, i s  alsa grounded a t  a point i n  t h e  l o ~ d  c i r c u i t  of t h e  
ground f a u l t  circuit i n t e r r u p t e r .  To apply this s t i p u l a t i o n  t o  
arrays ,"service" should be replaced by "loadi' (power condi t ioning u n i t  
may be the  load),  and "load" should be replaced by "array". 
Contemporary d i f f e r e n t i a l  type  ac GFCI's may achieve t h i s  p ro tec t ion  
capab i l i ty  by including an o s c i l l a t o r  c i r c u i t  which goes i n t o  operat ion 
i f  the extra ground i s  i n  p lace .  This o s c i l l a t o r  c r e a t e s  a s u f f i c i e n t l y  
unbalanced cur ren t  flow through t h e  d e t e c t o r  t o  a c t i v a t e  t h e  device. 
For a d i r e c t  ground cur ren t  de tec t ion  sensor Figure 6.5, ground f a u l t  
protec t ion  is provided throughout t h e  c i r c u i t ,  but  only  i f  t h e r e  a r e  no 
other grounds i n  t h e  c i r c u i t .  A s  shown i n  t he  c i r c u i t  of Figure 6 .6 ,  (a  
redrawing of t h e  c i r c u i t  of Figure 6.5 wi th  an added acc iden ta l  ground), 
an added ground anywhere w i l l  defeat t h e  d i r e c t  ground cur ren t  de tec t ion  
type  GFCI. We do not know of any ground f a u l t  system of t h i s  type which 
includes an a b i l i t y  t o  d e t e c t  t h e  added ground. However, t h e r e  does not 
appear t o  be  any t e ~ h n i c a l  obs tac le  t o  t h e  incorpora t ion  of such a 
f ea tu re ,  
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Ground'fault  devices b u i l t  for photovol ta ic  systems should include t h e  
c a p a b i l i t y  of functioning wi th  t h e  added accidenta l  ground, o r  should be 
r e s t r i c t e d  t o  use where grounding of the grounded conductor a t  o the r  
than prescr ibed points  is unlikely. 
I n  house wir ing  systems, s t a p l g s  through,conducfars plus uninsulated 
terminals  wi th in  grounded metal boxgs and t h e  misuse of  ground as n 
grounded conductors a r e  conceivable sources f o r  t h e  "grounding" of t h e  
grounded conductor a t  o the r  than t h e  source. With a photovol ta ic  axray 
i n t e r a c t i v e  by way of a t ransformer less  power condit ioning u n i t  and 
having a v i r t u a l  ground, only l imi ted  lengths of wire and terminals  a r e  
l i k e l y  t o  be a t  t h e  v i r t u a l  ground point'. A slight imba1.ance i n  vol tage  
output  of t h e  modules may remove t h e  v i r t u a l  ground from t h e  module 
te rminals ,  but  whether t h e r e  would be s u f f i c i e n t  cu r ren t  t o  a c t i v a t e  t h e  
ground f a u l t  system by contac t  between a terminal  near  "virtual ground" 
and ground is  quest ionable.  With an pdd number of modules i n  a s e r i e s  
s t r i n g ,  t h e  "v i r tua l  ground" is confined t o  the center of a module (or  
modules) and i f  t h e  module vo l t age  is high, contac t  between any module 
te rminals  o r  wire and ground i s  l i k e l y  t o  a c t i v a t e  t h e  ground f a u l t '  
system without the  need f o r  t h e  supplementary o s c i l l a t o r  c i r c u i t .  The 
concept of us ing an odd number of modules i n  a series s t r i n g  t o  
f a c i l i t a t e  t h e  use of ground f a u l t  systems is being inves t iga ted  
f u r t h e r .  
6 .3  Uses 
-
A typical yhrstavnltaic. ateray r i ~ r t ~ r a c t i . v q  w j f h  a 320 /2W vr>!.t utility 
i n s t a l l a t i o n  by way of a t ransformer less  power condit ioning u n i t  i s  
shown i n  Figure 6 .7 .  Ground f a u l t  cukrent i s  presumed t o  r e s u l t  from 
f a i l u r e  of t h e  insu la t ion  system. The source of the Eault cu r ren t  may 
be e i t h e r  t h e  a r ray  or i n t e r a c t i v e  ac source,  o r  both.  D i f f e r e n t i a l  
d e t s c t o r s  B y  and B i n  conjunction with i n t e r rup t ion  switch S2 would 2 
provide ground f a u l t  p ro tec t ion  a t  any point  i n  t h e  array except a t  the, 
1 I 
v i r t u a l  ground". 
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Protect ion a t  t h e  " v i r t u a l  ground" is unnecessary because ' the v i r t u a l  
ground is  a t  ear th  p o t e n t i a l  and therefore no cur ren t  will flow through 
a.body interposed between t h e  virtual and physica l  grounds. 
For an effect ive system, no ground can be permit ted t o  remain a t  the 
11 virtual  ground" on the array side of d i f f e r e n t i a l  detectors B1 and B2. 
With t h e  presumption t h a t  t h e r e  a r e  an even number of  modules i n  a 
series string, v i r t u a l  ground exists a t  a te rminal  and can be touched or 
otherwise connected t o  physical ground. The adverse consequence of a 
ground on t h e  ar ray  side of the d e t e c t o r s - i s  shown i n  the c i r c u i t  of 
Figure 6.8. With such a ground, ground f a u l t  currents may bypass t h e  
d i f f e r e n t i a l  de tec to r s .  Whether o r  not the ground f a u l t  system might 
include a supplementary circuit, such as t h e  o s c i l l a t o r  previous ly  
mentioned to sense a phys ica l  ground at the " v i r t u a l  ground" po in t ,  is  
i n  quest ion i n  t h i s  case. This  w i l l  be a t op i c  for fu r t he r  work. 
Physical Ground 
at V i r t u a l  Grbund 
Figure 6 . 8  
Consequences of Physical Ground at V i r t u a l  Ground 
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Alternate Circuit Configurations 
The c i r c u i t  of Figure 6 .9  includes a t ransformer less  power condit ioning 
u n i t  i n t e r a c t i v e  with a grounded 320 vole a c  supply c i r c u i t .  The 
comments described previously for t h e  120/240 v o l t  t ransformer less  
i n t e r a c t i v e  s i t u a t i o n  apply here ,  except t h a t  no point  i s  a v i r t u a l  
ground, w i t h  the  i n v e r t e r  opera t ing  and wi th  t h e  overcurrent  p ro tec t ive  
devices and switch c losed,  points  A and B are varying i n  voltage with 
respect t o  e a r t h .  Res i s to r s  R1 and K p  would provide a d i f f e r e n t  vol tage  
reference with the  i n v e r t e r  o f f ,  
Because t h e  voltages a t  p o i n t s  A and 0 w i l l  be  time varying, modules and 
panels used i n  t h i s  manner would need t o  be subjec ted  t o  d i e l e c t r i c  
voltage withstand and leakage cur ren t  t e s t s  more severe  than may be 
obvious. That i s ,  they w i l l  have t o  withstand ac p lus  dc  d i e l e c t r i c  
voltage and leakage c u r r e n t  t e s t s .  
A transformer i so la ted  i n t e r a c t i v e  system i s  shown i n  Figure 6.10. A 
d i r e c t  pa th  may be provided through switch S1 t o  provide t h e  ground, but 
t h i s  path should be i n t e r r u p t a b l e .  This pa th  should be  pa ra l l e l ed  by a 
high r e s i s t a n c e  r e s i s t o r ,  1 megohm o r  t h e  l i k e ,  t o  provide a ground 
reference with the  switch open. 
6,s Comparison - D i f f e r e n t i a l  and Direc t  Ground Current Type 
Devices 
A d i f f e r e n t i a l  type ground f a u l t  de tec to r  (a) has the  a b i l i t y  tu 
function i n  c i r c u i t s  whose b a s i c  ground i s  no t  d i r e c t l y  under t h e  
i n s t a l l e r  ' s contro l ,  a s  f o r  example with a t ransformer less  power 
condit ioning u n i t  and a u t i l i t y  con t ro l l ed  ground, (b) with t ho  
supplementary c i r c u i t ,  can i n  c e r t a i n  cases d e t e c t  spurious grounds 
which might otherwise negate i t s  opera t ional  c a p a b i l i t y ,  and ( c )  permits 
each sub-division (of t h e  a r ray]  t o  be separa te ly  protec ted .  Howe~er, 
the  d i f f e r e n t i a l  type device (a) is  more expensive because i t s  circuitry 
must have t he  c a p a b i l i t y  of sensing d i f f e r e n t i a l  c u r r e n t s  i n  t h e  low 
milliampere range out  of t o t a l  cu r ren t s  i n  t e n s  ox hundreds of amperes, 
and (b) has t h e  need t o  keep losses  i n  t h e  d e t e c t o r  t o  a minimum as t h e  
normal load current  passes through t h e  d e t e c t o r s .  We do not  know of any 
d i f ferenLia1 dc ground f a u l t  sens ing u n i t  commercially ava i l ab le .  One 
experimental model has been developed by UL. 
A d i r e c t  ground current  measuring type  (a) has a low cost, b a s i c a l l y  
because of ease of measurement, (b) does not need t o  keep losses  i n  the 
detec tor  low as current  i s  normally not  passing through t h e  de tec to r ,  
and (c) can provide p ro tec t ion  i n  t h e  e n t i r e  c i r c u i t  regard]-ess of where 
it i s  located.  However, t he  d i r e c t  ground type (a) does not  allow as 
much freedom i n  t h e  methods of c i r c u i t  grounding (it is not compatible 
with a u t i l i t y  i n t e r a c t i v e  system with a t ransformer less  power 
condit ioning u n i t ) ,  and (b) cannot be used where t he  a r r a y  c i r c u i t  i s  t o  
be divided into separa te ly  protedtFd s e c t i o n s .  
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6 . 6  Laboratory Experimental Work - Concept Ver i f icat ion of a 
Di f fe ren t ia l  IlC Ground Fault  Z : c u i t  
Concern f o r  the detection of ground. f m ~ l t  conditions which may be a 
hazard t o  personnel or  result in n f i ~ e  led t o  research i n to  u t i l i z i n g  a 
ground f a u l t  detection and response system typacif ical ly  t o  detect  dc 
ground f a u l t s  i n  photovoltaic arrays, Resulting from t h i s  effort was a 
ground f a u l t  detection c i r c u i t  which was experimentally ver i f ied  i n  a 
laboratoxy field t e s t .  
The f e a s i b i l i t y  of using a dc differencia1 type ground f a u l t  protection 
c i r c u i t  i n  a photovoltaic asrey wac purt fa l ly  demonstrated by a 
laboratory experiment that consistad of brbndboarding a dc d i f f e r e n t i a l  
ground f a u l t  sensor with 5 ;:I0 mA imbalance sensitivity and i n s t a l l i n g  
it i n  t he  Massachusetts 1 : r q r i '  ! - a t e  of Technology, Lincoln Laboratory 
(MIT/LL) prototype a t  t he  i.;*rt-ticast Residential  Experimental Sta t ion;  
Concord, Massachusetts. l),$tai7.s are  ?resented i n  Appendix G e n t i t l e d  
11 Development of BC Ground F.t.x:i: ~etec tor" .  
The experiment showsd t he  f e a s i b i i i t y  of such an i n s t a l l a t i o n  as t he  
ground f a u l t  system i s , be l i eved  t o  have responded t o  true f a u l t s .  
However, some limitations were incorporated i n  the experiment, such as 
r e s t r i c t ed  s ens i t i v i t y  and no c i r c u i t  in te r rup t ions .  
7 .  SUMMATION, RECOMMENDATIONS AND FUTURE WORK 
7 . 1  Surnmat ion 
1. A UL Proposed Standard f o r  Safe ty  - ~ l a t - p l a t e  ~ h o t o v o l i a i c  
Modules and Panels,  Subject  1703; blarch, 1982, and proposed National 
Electrical Code provisions f o r  photovol ta ic  systems, A r t i c l e  690, have 
been prepared. . Thesa documents a r e  expected t o  provide appropr ia te  
l eve l s  of s a f e t y .  f o r  t h e  i n s t a l l e d  system. 
2, ' ~ o c a l  ordinances r e l a t i n g  t o  e l a c t r i c a l  i n s t a l l a t i o n s  may 
require  t h a t  the '  photovoltaic i r ~ s t a l l a t i o n  adhere t o  t h e  provisions 
described fn'an e l e c t r i c a l  code such a s  the  National E l e c t r i c a l  Code 
(which 'p~ov i s i ans  would include t h e  use  of Lis ted  components). 
Addition,ally, bui ld ing code provisions,  e s p e c i a l l y  those  r e l a t i n g  t o  
roof Eire r a t ings ,  are l i k e l y  t o  be appl icable .  
' . 
3.' Where k installation would be made p r i o r  t o  t h e  adaptat ion of 
provigions i n  nn appronr ia te  loca l  code (such as t h e  National  E l e c t r i c a l  
Code)., 'before t h e  f a c t '  discussions between t h e  i n s t a l l e r  and the 
municipal inspector  a r e  suggested. 
. 4 .  The scope of t h ~  UL P r o ~ o s e d  Standard descr ibes  coverege of 
modules*rated f o r  use  i n  systems up t o  1000 v o l t s .  Although improbable, 
t h i s  1000 v o l t s  may be the  voltage of a  s i n g l e  module. The proposals 
f o r  th? National E lec , t r i ca l  Code would s p e c i f i c a l l y  allow systems up t o  
600'volts .  The NEC proposi l s  do not  p r o h i b i t  higher vo l t age  systems, 
but add i t iona l  requirements may be app l i cab le .  
* 5 ,  Hazard l e v e l s ,  g e ~ l e r a l l y  i n  regard t o  a l l  a spec t s  of t h e  
module performance a r e  mi t iga ted  by t h e  UL Proposed Standard,  Thus, 
photovol ta ic  ~?lodules arid panels  art! expected t o  be covered under t h e  
L i s t ing  Servjde of Underwriters Laboratories  Inc. The s i n g l e  exception 
r e l a t e s  t o  perfoxmanco as a  roof covering, f i r e  t e s t i n g .  This exception 
e x i s t s  as requirements for roofing mate r i a l s  vary from community to 
community, from Class a t a  no rating. 
6, Other Standards of Underwriters Laboratories  Inc .  may bs 
appl icable  t o  p h o r ~ v o l t a i c  rnadules and o the r  system components. 
7. P h o t ~ v o l t a i c  systems should be provided with both sys tea  
( c i r c u i t )  and frame (dead metal) grounding. Al te rna te ly ,  o the r  ~ e t h o d s  
which provide equivalent  p ro tec t ion  may be s u b s t i t u t e d  fox the system 
ground. 
8.  A break point  e x i s t s  a t  30 volts, separa t ing  c i r c u i t s  below 
t h i s  vol tage  which are not  considered a shock hazard from those above 
this vol tage ,  which w i l l  l i k e l y  be a shock hazard. 
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7.2 Recommendations 
While the foregoing presents  concepts f o r  f ea tu res  which should enhance 
t h e  s a f e t y  of photovoltaic systems, none has been f i e l d  t e s t e d  and 
proven as to i t s  adequacy or f a c i l i t y  f o r  impismentation. I n  order  t o  
ga in  t h i s  information (1) modules should be evaluated t o  t h e  UL Proposed 
Standard, (2) t h e  s a f e t y  r e l a t e d  performance of both UL Lis ted  and o t h e r  
modules should be monitored, and (3) the  condi t ions  o f  i n s t a l l a t i o n  
( e s s e n t i a l l y  t h e  provisions of t h e  National  E l e c t r i c a l  Code) evaluated 
t o  determine t h e  e f f e c t  of such on t h e  s a f e t y  performance, Addit ional  
i n t e r a c t i o n  between (a) standards and code w r i t i n g  bodies, and (b) 
module and photovol ta ic  system component manufacturers and photovol ta ic  
system i n s t a l l e r s  is des i red  t o  achieve t h i s .  I t  is  expected t h a t  some 
of t h i s  i n t e r a c t i o n  w i l l  be through t h e  UL Indust ry  Advisory Group 
(IAG) . 
Modif ica t ion ' to  t h e  present  proposals f o r  s tandards  and codes may be  
warranted depending upon t h e  observed s a f e t y - r e l a t e d  performances. 
Requirements f o r  a n c i l l a r y  components inc luding blccking and bypass 
diodes should be prepared, 
Future  Work 
Additional research by UL has begun i n  the  fol lowing a reas :  a r ray  s a f e t y  
system concepts applicable t o  f l a t - p l a t e  photovol ta ic  modules and 
panels; inc luding funct ional  and t echn ica l  desc r ip t ions  iden t i fy ing  
s p e c i f i c  safety system responses t o  each f a i l u r e  mechanism o r  hazardous 
s i t u a t i o n ;  grounding concepts for t h e  module/array subsystem; 
cha rac te r i za t ion  of a r c  phenomena assoc ia ted  with both ground f a u l t t  and 
i n - c i r c u i t  a r c  generat ion,  de tec t ion  and prevention;  and 
charac te r i za t ion  of intermodule/array, wire /cable  systems. 
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APPENDIX A 
PROPOSED STANDARD FOR SAFETY 
FLAT-PLATE PHOTOVOLTAIC BIOIIULES AND PANELS 
[Note: Waterial i n  brackets is n ~ t  a part  o f  
this Proposed Standard. It is included in 
this draft for explana tory  purposes.]  
[Note: This document was used as  the b a s i s  
of d i s cus s ion  a t  t n e  June 29 end 30, 1982 
Indus t ry  Advisory Group meeting. A new UL 
Proposed Standard w i l l  r e s u l t  from discussions 
a t  that meeting. ] 
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FLAT PLATE PHOTOVOLTAIC 
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of tll:Ls Proposed Standard. It is included its 
t h i s  draf t For exp lana t o  ry purposes o n l y ,  ] 
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A. T l l i s  Standard contains basic requirements for  products covered  by  
U n d c n ~ r i t e r s  Labora t o r i c f i  I nc ,  (UL) under  i t s  Fol  law-Up Se rv i ce  f o r  this 
c a t e g o r y  within t h e  l i ~ n i t a t i o n s  given below and i n  the  Scope s a c t i a n  of 
this Standard ,  These requirement a re  based upon aound e n g i n e e r i n g  
p r i n c i p l e s ,  r e e e n r c h ,  r eco rds  of c?sts and field experience, and an 
a p p r e c i a t i o n  of t h e  problems oE manufacture, i n s t a l l a t i o n ,  and use 
derived Prom c o n s u l t a t i o n  with  and informat ion  obta ined  from manufac- 
turers, users, Inspection a u t h o r i t i e s ,  and o t h e r s  hav ing  special ized 
expat iencc .  They are  s u b j e c t  t o  r e v i s i o n  as  f u r t h e r  e x p e r i e n c e  and  
I n v e s t i g a t i o n  may show i s  necessary o r  desirable,  
13. The observance of t h e  requirements of t h i s  Standard by n manufnc- 
tarer i s  one of t h e  c o s d i t i o n s  of t h e  con t inued  coverage of t h e  
nmtufacturer's product ,  
C, A produce which canplies with the t e x t  of t h i s  S tandard  w i l l  no t  
neceqsarily be judged t o  comply wi th  t h e  Standard i f ,  when examined and 
tested,  it i s  found t o  11izve o t h e r  f e a t u r e s  t~hFch i m p a i r  t h e  level of 
a a f e t y  contemplated b y  these requ i re inen t s .  
D, A grod3c.t employing ma t e r i a l s  o r  hnvitig Ponns of cons t r u c t f o n  
d i f f e r i n g  from t h o s e  d e t a i l e d  i n  t h e  r t .qu i rements  of- this Standard may 
be examined and t e s t e d  according t o  t h e  i n t e n t  o f  the requirements  and ,  
i f  found t o  b e  s u b s t a n t i a l l y  e q u i v a l e n t ,  may be ?-rdged to  comply wit11 
t h e  S t a n d a r d .  
E, UE, i n  p ~ r f o r m i n g  i t s  func t ions  i n  accordance with i t s  objectives, 
does not assume o r  ir.,dertake t o  discharge any responsibility of t h e  
man~LE~cturer  o r  qny o t h e r  party .  The opin ions  and f i nd ings  of UL 
r e p r e s e n t  its prsfessional, judgment given with d u e  c o n s i d e r a t i o n  t o  the 
necessary l i m i t a t i o n s  of p r a c t i c a l  o p e r a t i o n  and s t a t e  of t h e  a r t  a t  the. 
time t h e  Standard is processed. UL s h a l l  n o t  bc r s ~ p o n s i b l e  t o  nnyonu 
f o r  the use of o r  r e l i a n c e  upon this Standard  b, anyone. UL sllall not 
incur any o b l i g a t i o n  o r  l i a b i l i t y  f o r  damages, including consequent i n 1  
damagcs, a r i s i n g  out of o r  in connection with tl-LC use, i n t e r p r e t a t i o r ,  
oE, o r  r e l i a n c e  upan t h i s  Standard. 
F .  Mat~y tests requi red  by t h e  S t a n d a r d s  of UL a r e  inl~eroncl;~ hazardous 
and adequate safeguards for p e r s o n n e l  and p r o p e r t y  s h a l l  be employed i n  
conductii~g such tests. 
GENERAL 
I ,  Scope 
1.1 Thase requirements cover f l a t - p l a t e  pho tovo l t a i c  modules and 
panels intended fo r  i n s t a l l a t i o n  on or i n t e g r a l  wi.th bui ld ings ,  o r  t o  be 
Eraa-scanding (i,e, not attached t o  bu i ld ings ) ,  i n  accordance with t h e  
National E l e c t r i c a l  Code and Nodel Building Codes. 
1 . 2  These requirements cover modules and panels intended fnr use 
i n  systems with a maximum vol tage  of 1000 v o l t s ,  
1 .3 T h e w  requirements also cover components intended t o  provide 
e l e c t r i c a l  connection t o  and mounting f a c i l i t i e s  f o r  f l a t - p l a t e  photo- 
v o l t a i c  modules and ponels.  
1.4 These requirerne.~ts do not cover equipment intended t o  accept 
t h e  e l e c t r i c a l  output from t h e  array, such ss power condi t ioners  
(inverters) and b a t t e r i e s ,  nor do they cover any t r a c k i n g  mechanism. 
1.5 These requirements do not  co ,dce ivers ,  nor do they cover 
optical con entrators. 
1.6 Those requirements do not  cover combination photovoltaic- 
thermal modules o r  panels .  
2 .  Glossary 
2,l For the purpose of t h i s  s tandard ,  t h e  fol lowing d e f i n i t i o n s  
apply 9 
2.2 A i r  Mass CAM) -- A dimensionless quantity, t he  r a t i o  of t h e  
actual  pa th  length of r ad ia t ion  through t h e  atmosphere, t o  t h e  v e r t i c a l  
path length of r ad ia t ion  through the atmosphere t o  s e a  l eve l .  For all 
but very h i g h  zeni th  angles ( oz) ( t h e  angle subtended by the z e n i t h  and 
the  l i n e  of s i g h t  t o  t h e  sun) ,  
AM = s e c  Q ~ ,  a t sea l e v e l .  
2 . 3  Ampacity - -  Current-carrying capacity in amperes. 
2 . 4  Array -- A mechanically-integrated assembly of modules and 
panels, together with support structure and foundation, t r ack ing ,  
thermal con t ro l ,  and o the r  components, i f  used, t o  form a dc power- 
producing u n i t .  
2 .5  Bloclting Diode - -  A diode connected i n  scr i as  with module(s) 
or panel (s )  t o  prevent reverse cur ren t  i n  such module(s) or panel,(s).  
2 . 6  Bypass Diode --  A diode connected across one o r  more c e l l s ,  
modules, o r  panels i n  the forward c u r r e n t  d i r e c t i o n ,  t o  allow current ta 
bypass such ce l ls ,  modules, o r  p8nels .  
2 , 7  Cell -- The basic pho tovo l t a i c  dev ice  t h a t  g e n e r a t e s  e l e c t r i -  
c i t y  when cxposed t o  s u n l i g h t .  
2.8  Encn!*sulant -- The i n s u l a  t i n g  material enc los ing  t h e  c e l l s  and 
ce l l  i n t e r c o n n e c t s .  
2 . 9  In te rconnect  -- A conductor  w i t h i n  a module that  provides  a  
mchnnism f o r  conduct ing electricity be tween c e l l s .  
2,I.O Metal l i z n  t i o n  -- E l e c t r i c 8 1  l y  conduct ive metal  coa t ing  on the 
surface of a c e l l ,  
2.11 l i i no t  DLmension (As npplic?d t o  an  opening) -- The diameter  of 
the l a r g e s t  sphere t h a t  can be i n s e r t e d  through the  opening. 
2.12 Module (F l a t -p l a t e )  -- The s m a l l e s t  environmental ly  p ro t ec t ed ,  
e s s e n t i a l l y  planar assembly of s o l a r  c e l l s  and a n c i l l a r y  p a r t s  such as 
in t e rconnec t s  and t erminnls ,  intended t o  gene ra t e  d c  power under  uncon- 
cen t ru t ed  sunZig11t. 
2,13 Notni~lnl Operating Cell Temperature (NOCT)  -- The c q u i l i b r  ium 
c e l l  j unc t ion  t ernpera t u r e  corresponding t o  nominal module s 2 r v i c e  
opera t ing  condi  t i o ~ ~ s  i n  a reference envirornnent of 80 m\J/cm i r r a d i a n c e ,  
20°C ambient a i r  tempera ture ,  I m/s wind, and electrically open c i r c u i t .  
2.14 Panel (F l a t -p l a t e )  -- A c o l l e c t i o n  of ~uoduleu f a s t ened  
toge the r ,  assanbled and wired,  intended t o  provide a  f i e l d - i n s t a i l a b l e  
u n i t .  
2.15 Receiver -- A cell assembly in tended  t o  o p e r a t e  under coucen- 
t r a t e d  s u n l i g l ~ t .  
2.16 Supers t r a t e  -- The t r a n s p a r e n t  m a t e r i a l  forming the top ( l i g h t  
fac ing)  o u t e r  sur f  ace oE the module, 
2.17 Temperature, An~bient A i r  -- Tile t anpc ra tu re  of t h e  a i r  
h m e d i a t e l y  surrounding the ob jac t  being t e s t e d .  
3 .  Uni t s  O f  Measurement 
3.1 I f  o value  for measurbelx.tnt i s  foll.owerl by a value i n  o t h e r  
u n i t s  i n  parentheses ,  t h e  second va lue  may be  only approximate.  The 
f i r s t  s t a t e d  va lue  i s  the r equ i r e~nen t .  SI: u n i t s  are i n  accordance wi th  
t h e  American National S tandard  f o r  bictric P r a c t i c e ,  A;';SI/ASW~ E330. 
CONSTRUCTION 
4 .  Compo nent  s 
4,1 4 component of a product covered by  this s t a n d a r d  shall comply 
with t h e  requirements  f o r  t h a t  cmnponent and s h a l l  be  used i n  accordance 
with i t s  recognized r ~ t i i l g  and o t h e r  l i m i t a t i o n s  of usc. 
Exception: A component need n o t  comply wi th  a wpecific t e q u i r a n e n t  t h a t  
Involves a f e a t u r e  o r  c t ~ a r a c t e r i s t i c  n o t  needed i n  the a p p l i c a t i o n  of 
the  cornponefit i n  t h e  product covered by t h i s  s t anda rd .  
5. General  
5 .I  A module shall b e  completely assembled when shipped from t h e  
factory. A panel may be completely assembled when sh ipped  from the 
factory, o r  may be provided i n  subassemblies ,  providing assembly of the 
panel  does not involve  any a c t  t h a t  i s  likely t o  af f e e t  compliance with 
t h e  requirements  of this s t a n d a r d ,  
Exception: iln assembly p a r t  need n o t  be affixed t o  t h e  module a t  t h e  
f ac to ry .  
5 . 2  Assembly i n s t r u c t i o n s  s h a l l  be provlned -Lth  a product shipped 
in subassemblies,  and s h a l l  be  d e t a i l e d  and aciequate t o  t h e  degree  
required t o  f a c i l i t a t e  t o t a l  assembly of the product .  
5.3 A module o r  pane l  assembly b o l t ,  screw, o r  o t h e r  p a r t  shall 
not be intended f o r  securing t h e  complete  device  t o  t h e  suppor t ing  
su r f ace  o r  frame. 
5.4 Inco rpora t ion  of a module o r  pane l  i n t o  t h e  f i n a l  assembly 
s h a l l  no t  r e q u i r e  any a l t e r a t i o n  OF the module o r  p a n e l  u n l e s s  specific 
d e t a i l s  describing necessary modif i c a t i o n ( s )  f o r  a l t e r n a t e  instal la-  
tion(s) are provided i n  the i n s t a l l a t i o n  i n s t r u c t i o n s .  If a module or 
panel  must b e a r  ,) d e f i n i t e  r e l a t i o n s h i p  t o  ano the r  f o r  the intended 
i n s t a l X a t i o n  and t p e r a t i o n  of t h e  a r r a y  ( e .g .  - t q  allow connectors  t o  
mate), i t  shall b e  cons t ruc t ed  t o  pe rmi t  i t  t o  be incorpora ted  in to  t h e  
array i n  c o r r e c t  r e l a t i o n s h i p  without  t he  need f o r  a l t e r a t i o n .  
5.5 The c o n s t r u c t i o n  of a produc t  shall be such that dur ing  
i n s t a l l a t i o n  i t  w i l l  n o t  be necessary t o  alter or remove any cover, 
baffle, i n s u l a t i o n ,  o r  shield t h a t  is  r equ i r ed :  (1) t o  p r even t  exces s ive  
temperatures, o r  (2) guard a g a i n s t  u n i n t e n t i o n a l  contact with p a r t s  t h a t  
may involve a k i s k  of e l e c t r i c  shock,  
Exception: A cover of a wiring compartment providing a c c e s s  t o  a .con- 
nection means t h a t  may involve  a risk of e l e c t r i c  shock may be removable 
t o  a l l a w  f o r  the making of e l e c t r i c a l  connect ions.  
5.6 P a r t s  s h a l l  be prevented from loosening o r  turning i f  such 
loosening o r  t u rn ing  can c r e a t e  a risk of e l e c t r i c  shock o r  fire. 
5 , 7  Frict ion between surf aces  is not accep tab le  as the sole means 
t o  inh ib i t  the tu rn ing  o r  loosening of a p a r t ,  but a lock  washer 
p rope r ly  app l i ed  i s  a i c e p t a b l e  f o r  t h i s  purpose. 
5 - 8  An adjustable  o r  movable s t r u c t u r a l  p a r t  s h a l l  be p rov ided  
w i t h  a locking  device t o  reduce t h e  l i k e l i h o o d  of u n i n t e n t i o n a l  
shifting, i f  any such s h i f t i n g  may r e s u l t  i n  a r i s k  of electric shock,  
E i r e ,  o r  i n j u r y  t o  p2:sons. 
5 . 9  Metals used i n  l o c a t i o n s  t h a t  may be wet o r  mois t  s h a l l  n o t  be 
employed i n  combinations t h a t  could  r e s u l t  i n  d e t e r i o r a t i o n  of e i t h e r  
metal  such t h a t  t h e  product  would n o t  comply w i t h  t h o  requirements  i n  
t h i s  s tan&xd,  
5.10 An e l e c t r i c a l l y  a c t i v e  p a r t  w i t h i n  an i n s u l a t i n g  b a s e  s h a l l  be  
prevented frw loosening,  and s h a l l  be i n s u l a t e d  o r  spaced from acces- 
s i b l e  p a r t s  o r  p a r t s  of o t h e r  p o t e n t i a l .  The i n s u l a t i o n  may be provided 
by counters inking  such a p a r t  n o t  l e s s  t han  1/8 i n c h  (3.2 mm) i n  t h e  
c l e a r  and then  c w e x i n g  i t  with a waterproof ,  i n s u l a t i n g  s e a l i n g  
compound t h a t  does not f low o r  creep a t  a tempera ture  15OC (27OF) higher 
than  the  normal ope ra t ing  t a n p e r a t u r e  of the  p a r t  i n  t h e  product ,  but 
no t  less than 6S°C (14g°F) i n  any case .  
6. I n s u l a t i n g  M a t e r i a l s  
6 . 1  Systems for  t h e  suppor t ,  enc losu re ,  and/or  i n s u l a t i o n  of a 
l i v e  p a r t  s h a l l  w i ths t and  t h e  most s e v e r e  cond i t i ons  l i k e l y  t o  be met in 
s e r v i c e ,  Among t h e  c h a r a c t e r i s t i c s  r equ i r ed  I s  the  a b i l i t y  t o  r e s i s t  
degrada t ion  caused by u l t r a v i o l e t  r a d i a t i o n ,  sa l t  fog, b e a t i n g  ra in ,  
e leva ted  temperatures ,  and p h y s i c a l  abuse  ( inc lud ing  impact,  pushing, 
and c u t t i n g )  , Sys tans  of polymeric materials s h a l l  have a thermal index 
( e l e c t r i c a l  and mechanical) as determined i n  accordance with t h e  
Standard f o r  Polymeric Materials - Long Term Proper ty  Evalua t ions ,  UL 
746B, of at least; 90°C (194OF), 20°C (36'F) above t h e  ope ra t ing  
tempera ture  of t h e  material as  measured dur ing  t h e  open-c i r cu i t  mode 
Temperature T e s t ,  o r  t h e  ope ra t ing  tempera ture  of t h e  m a t e r i a l  as 
measured during t h e  s h o r t - c i r c u i t  mode Temperature T e s t ,  whichever i s  
g r e a t e s t .  Systems of p o l y m r i c  m a t e r i a l s  s h a l l  have  a High-Current arc 
i g n i t i o n  of 60 minimum. For  modules o r  pane ls  w i t h  a system v o l t a g e  
r a t i n g  of 600 volts o r  less, t h e  systems of polymeric  m a t e r i a l s  s h a l l  
have a Comparative Track Index of t h e  system v o l t a g e  r a t i n g ,  minimum. 
For modules o r  pane ls  with a system v o l t a g e  r a t i n g  of 601-1000 v o l t s  t h e  
systems of polymeric m a t e r i a l s  s h a l l  have ; minimum Inc l ined  P lane  
Tracking (ASZM D2303) rating of I hour  us ing  the t i m e  t o  t r a c k  method a t  
2.5 kV, The foregoing are as determined i n  accordsnce  w i t h  the Standard  
f o r  Polymeric M a t e r i a l s  -- Shor t  Term Proper ty  Eva lua t ions ,  UL 746A. 
Sys terns of polymeric m a t e r i a l s  shall have a maximum flame spread  index 
of 100 as determined under  t h e  Standard Method of T e s t  for Sur face  
~ l a m m a b i l i t ~  of M a t e r i a l s  Using a Radiant Heat Energy Source,  
AS'SM El62-1981A. 
6.2 Polymeric materials tha t  are exposed t o  t h e  weather and are 
r e q u i r e d  f o r  s t r u c t u r e ,  enc losu re  of l ive  par t s ,  o r  i n s u l a t i o n ,  are t o  
be s u b j e c t e d  t a  t h e  S o l a r  Weathering Test descr ibed  i n  S e c t i o n  34. 
Polymeric m i t e r i a l s  t h a t  a re  exposed t o  s u n l i g h t  bu t  are p ro t ec t ed  by 
glass, o r  o t h e r  t r a n s p a r e n t  medium, may be  f e s t e d  w i t h  a n  equ iva l en t  
layer of that medium a t t e n u a t i n g  t h e  u l t r a v i o l e t  exposure du r ing  t h e  
t e s t .  
6.3 Cells, i n t e r c o n n e c t s ,  and o t h e r  l i ve  p a r t s  s h a l l  n o t  be 
a c c e s s i b l e  as defined i n  S e c t i o n  15, i f  t h e  open c i r c u i t  v o l t a g e  b e t ~ e e n  
" t h e  p a r t  and any a t h e r  accessible p a r t ,  i nc lud ing  e a r t h ,  i n  any 
descr ibed  o r  impl ied use of t h e  module o r  pane l  (2.e .  - the system 
vol tage  r a t i n g )  , is  30 v o l t s  o r  more, and if t h e  c u r r e n t  between such 
p a r t s  exceeds t h e  valuer. con ta ined  i n  Table 21.1, See paragraph 20.3. 
6 . 4  Polymeric encapsu la t ing  m a t e r i a l s  s h a l l  n o t  be used i n  
compression i f  creep of t h e  m a t e r i a l  under  t h e  p r e s s u r e  may reduce  t h e  
i n s u l a t i o n  l e v e l  t o  less t h a n  t h e  r equ i r ed  va lue .  
6.5 A b a r r i e r  o r  l i n e r  of e l e c t r i c a l  g rade  f i b e r  p rov id ing  t h e  
s o l e  i n s u l a t i o n  between a l ive  p a r t  and an a c c e s s i b l e  me ta l  p a r t  o r  
be tween un insu la t ed  l i v e  p a r t s  n o t  of the same p o t e n t i a l  s h a l l  no t  b e  
l e s s  t han  0.028 inch (0.71 mm) t h i c k .  The b a r r i e r  o r  l i n e r  s h a l l  be 
he ld  i n  p l a c e  and shall not b e  adverse ly  affected t o  t h e  e x t e n t  t h a t  i t s  
neceaszry p r o p e r t i e s  may f a l l  below the minimum v a l u e s  r equ i r ed  f o r  t h e  
app l i ca t ion .  
.> . d  A b a r r i e r  o r  l i n e r  of polymeric  I n s u l a t i n g  material p rov id ing  
i..i.li  ole i n s u l a t i o n  between a l i v e  p a r t  and a n  accessible meta l  p a r t  o r  
b e t r ~ z s n  uninsula ted  live p a r t s  n o t  of the same p o t e n t i a l  shall be  of 
adequate t h i c k n e s s  for t h e  a p p l i c a t i o n ,  The b a r r i e r  o r  l i n e r  s h a l l  be 
he ld  i n  p l a c e  and s h a l l  n o t  be adve r se ly  a f f e c t e d  t o  t h e  e x t e n t  t h a t  i ts  
necessary  p r o p e r t i e s  may f a l l  below the  minimum va lues  r e q u i r e d  for the 
a p p l i c a t i o n .  
6 .7  Absorptive m a t e r i a l s  such as cork  o r  f i b e r  s h a l l  n o t  be used 
i n  con tac t  wi th  an e l e c t r i c a l l y  l i v e  p a r t .  
7. C u r r e n t - C a r r y i ~ ~ g  P a r t s  
( Inc lud ing  Tnt e r n a l  Wiring) 
7.1 A cur ren t -car ry ing  p a r t  ($ncluding a wire)  shal.1 have t h e  
mechanical s t r e n g t h  and ampaci ty necessa ry  f o r  t h e  service. 
7 . 2  Wiring used i n  a module o r  pane l  s h a l l  be i n s u l a t e d  and 
accep tab le  f o r  t h e  purpose, .when cons idered  with r e s p e c t  t o  tempera ture ,  
vo l t age ,  and the  condi t ions  of s e r v i c e  t o  which t h e  wir ing '  is l i k e l y  t o  
be sub jec t ed  wi th in  t h e  e q u i p m n t .  Aluminum conductor wire s h a l l  n o t  b e  
used i f  t h e r e  i s  a p o s s i b i l i t y  of na ter accumulation and f f i t  is i n  
con tac t  with o t h e r  m a t e r i a l s  t h a t  could  cause  ga lvan ic  a c t i o n .  
7.3 A spl ica  s h a l l  b e  provided  w i t h  i n s u l a t i o n  e q u i v a l e n t  t o  that 
requi red  f o r  t h e  wires involved .  
7 * 4  A j o i n t  o r  connec t ion  ahel 1 be mechanical ly  secure and shall 
provide e l e c t r i c a l  c o n t a c t  wi thout  s t r a i n  o n  connect ions  and t e rmina l s .  
Soldered connect  ions between i n t e r c o n n e c t s  and m e t a l l i z a t i o n s  are 
considered mechanically s e c u r e  when h e l d  in e n c a p s u l a t i o n  systems.  
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7.5 A n  unlnsulatetl l i v e  por t ,  i n c l i i d i n ~  o tr?rmInnl , shal 1 he 
secured t o  i t s  s u p p o r t i n g  turface b y  a rrw?thod nt l i e r  tliarl Fr l c t  loit 
hetween aurfaces s o  t h a t  i t  will h e  prevented from t t ~  rnlng o r  s h  Lf t lng 
i n  p o s i t i o n  if such motion may r a s u f  t Ln r e d u c t i o n  of  spac ings  tn ZCIZH 
than  r e q u i t e d  i n  Tables 11.1 and 1 L. 2 .  
7.6 S t r a i n  r e l i e f  s h a l l  b e  provided ao t h a t  s t r e s s  on  o li?ad 
in tended f o r  f i e l d  connect ion,  o r  o t h e r w i s e  like1.y t o  be h a n d l e d  Ln t h c  
f i e l d ,  i n c l u d i n g  a f l ex ib le  cord,  is n o t  t r a r l ~ l n i t t c d  to  t h e  c r r n n e c t i r ~ ~ i  
- inside t h e  modl~le o r  panel ,  
7 .7  The wirLng of a module or  pane l  s h a l l  hc Zocntetl so  tlint ;IF t e r  
i n s t a l l a t i o n  of the  product i n  t h e  i n t e n d e d  marruer . L t  will not 1113 
exposed t o  t h e  degrad ing  ~ F F e c t s  of the d i r e c t  t l l t r n v i a l c ? t  canpotlcnt of 
s u n l i g h t .  
8 . 1  An enclosure For wire st1al2 Bo, o~nootli and f rcc  from ~lrarjr 
edges,  b u r r s ,  or t h e  l i k e  thaL may damage i t i~u1.a  t Lon or cnnductors .  
9.  Connect ion Means 
9.1 I n  paragraphs 9 .2 -9 .8 ,  connect on means are considered t o  be 
t h o s e  t o  which f i e l d - i n s t a l  led wiring i s  connected when t h e  ~ ) r o d ~ ~ c t  is 
ins ta l  led. 
9 . 2  A module o r  pane l  s h a l l  hc capab le  oE accmmodat  Lng a t  least 
one OL t h e  a c c e p t a b l e  H r i n g  systems d e s c r i b e d  i n  the National 
E l e c t r i c a l  Code (NEC).  
9 . 3  A pho tovo l taLc  module o r  pane l  shn3.1 h e  provitled wii:h w i r i n g  
t e r m i n a l s ,  connec to rs ,  o r  l e a d s  t o  accanmodate c u r r e n  t-ctirryitlh: 
conductors oE the  load c i r c u i t .  
9 . 4  Tlle c o n n e c t i o n  means €or a mocfule o r  punel. s h a l l  h e  s o  l n c z ~ t ~ ? d  
t h a t  aEter i n s t a l l a t i o n  oE the product i n  tlw i n t e n d e d  Iwtnnet: they wil.1 
not  be exposed t o  the  d e g r a d i i t ~  e f f e c t s  o f  the d i r ec t  u l t r a v i o l e t  
component of sun1 ig11 t . 
9.5 A lead t h a t  i s  intended t c )  be s p l i c e d  in tlre f i e l d  to,a 
circuit conductor  shall not be  smaller t h a n  No. 18 AWC (0.82 mm") ~ r l t l  
t h e  i n s u l a t i o n  s h a l l  n o t  be  l e s s  than 1/32 inch (0.8 mm) t l t ick.  
9 .6  The free l e n g t h  o f  a lead f o r  field c o n n e c t i o n  shall be a t  
least 6 Lnches (252 mm). 
9 -7 A b ind ing  screw terminal f o r  connectLon mo:lns s h a l  1 cmn;rly 
with t h e  foZ lowing: 
A .  A th readed  screw o r  s t u d  ~ h n l  L he O F  nonfe r rous  tnetol 
a p p r o p r i a t e  Eor tllc appl icnt ,Lon,  a l i a l l  n o t  lrava mmre tll;rn '1% 
t h r e a d s  per inch ,  nnd shal. 1 n o t  he  ~ m a l  ler t l l t i f  No. R for  
accmn~odatlng No. 10 or 12  AWG ( 5 . 3  and 3 . 3  mln respcct i v e l y )  
wire and n o t  smal Zer than No. 6 For acco tn~~~oduc lng  No. I4 AWC 
(2 .1  mmW) and s m a l l e r  wire. A wlrc-h-lnding ecrcw or s tud -and -  
nut terminal shall be p rov ided  w t t l l  upturtred Lugs, a crrplrcd 
washer,  a barr ier ,  o r  o the r  cquivaltrnt m a n u  t o  tct tair l  tlln 
wire i n  p o s i t i o n  even  though t h e  screw o r  t l i r t  lzecomc~ s l i g l i t l y  
l o o s e .  I h e  head o f  a wire-binding screw Eor accmmoda t ing  No. 
1 2  AWG o r  smaller wire s h a l l  have i t  m i r ~ i r n n m  dinmr?ter of 0 , 2 7 5  
i n c h  (7 .0  mm) and t h a t  oE a sc rew Eor accomlnodnting No. 10 AWG 
wire shall have a ~ninimum d i a m e t e r  of 0.327 i n c h  ( 8 . 3  mrn! , 
R. A tapped t e r m i n a l  plate s h a l l  be of n o n f e r r o u t i  metal ,  sl1nl.1 
n o t  have less t h a n  two f u l l  sc rew tllreucls, and s l l a l l  be of 
meta l  n o t  less t h a n  0,050 inch (1.27 m111) t h i c k  fa r  accommo- 
d a t i n g  No. 10 o r  No. 12 A#G (5.3 and 3 . 3  mm r c u p c c t i v c l y )  
wire and n o t  less t h a n  0.032 i n c h  (0.76 mrn) t h  Lck h ~ r  accmmo- 
da t ing  a No. 14 AWG (2 .1  rnm ) o r  stirat ler wire. Screw tllrtjnds 
provided b y  extruding n h o l e  are a c c e p t a l > t e  L F  t h ~ ?  rh Lclrnaxs 
oE t h e  unextruded meta l  is n o t  l e s s  t h a n  t h e  p t t c l t  o f  tlie 
screw t h r e a d  . 
9.8 A w i r e  connec to r  i n t e n d e d  t o  accommodtl t e  copper  condrlctor~ 
o n l y  s h a l l  comply with  tlie r e q u i r o m n t r ;  Eor wire c o n n e c t o r s  atid 
s o l d e r i n g  lugs f o r  uec with copper conduc to r s ,  31, 486h.  A w i r e  
connector intended t o  accmtnodatc  aluminum and  copper  c o n d u c t o r s  s l l a l l  
comply with t h e  requlranents f o r  wire c o n n e c t o r s  For uuu wf t h  aluminum 
conduc to r s ,  UL 4 8 6 n .  
[NOTE : Although requi cements c o v e r i n g  mennv Eo t accomntodu t Lng 
~ l u m i n u m  vire have  been i n c l u d e d ,  such w i r i n g  method may In Fnct h e  
unaccep tab le  due t o  the potent La1 consump t i o n  (go1 v a n i c  corroc; ion) 
of t h e  aluminurn c o n d u c t o r s  o r  overheating of  the connect  i o n s ,  1 
9.9 A wir Lng t e r m i n a l  oE a maclule o r  pane l  in tended  t o  ~ c c a n m n d i l t ~  
a c u r r e n t - c a r r y i n g  conduc to r  s h a l l  be i d e n t i f i e d  by n rrrarking: 
9.10 The surface of a lend o f  a module o r  pancl  l t i tendcd Eor the 
connec t ion  of a c u r r e n t - c a r r y i ~ i g  conduc to r  s h a t  1 h e  i d e n t i f i e d  ky: 
Red s t r i p e  o n  yel low c o l o r e d  i n s u l a t i o n  f o r  t h e  p o s i t i v e  cund~tctor, 
and 
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Black stripe on yellow colored i n s u l a t i o n  f o r  the negat ive  
conductor.  
Exception: Other colors f o r  lead i n s u l a t i o n  may Be w e d  i f  (a) none i s  
white o r  green, (b) none i s  one of the meqtioned c o l o r  combinatinns used 
f o r  t h e  o e p o s i t e  p o l a r i t y ,  and (c) p o l a r i t y  i d e n t i f i c a t i o n  is provided 
by Elas labels on t h e  l eads  o r  labele a t  the point  of lead emergence. 
10, Bonding For Grounding 
10.1 A module o r  pane l  sha l l  have provision f o r  grounding a l l  
access ib le  conductive (e.g. - metal) p a r t s .  The grounding means shall 
be bonded t o  each such conductive p a r t  of t h e  rnadule o r  pane l  t h a t  is 
access ib le  during normal use.  
10,2' Any act of r o u t i n e  maintenssace of a module o r  panel  shall not  
involve  breaking o r  d i s t u r b i n g  t h e  bonding path .  A b o l t ,  screw, o r  
o t h e r  part used f o r  bonding purposes shall n o t  be intended for secur ing 
the  complete device t o  t h e  support ing s u r f a c e  o r  frame. 
10.3 Bonding s h a l l  b e  by  a p o s i t i v e  means, such as clamping, 
r i v e t i n g  , bol ted  o r  screwed connectio na , o r  welding, a older ing  (see 
paragraph 10.6) o r  b raz ing ,  The bonding connect ion  s h a l l  p e n e t r a t e  
nonconduct i ve  coat ings ,  such as paint o r  v i t r e o u s  enamei . 
10.4 A bol ted  o r  screwed connection t h a t  incorpora tes  a s t a r  washer 
under the screwhead o r  a s e z r a t e d  screwhead may be accep tab le  f o r  
, pene t ra t ing  nonconduct ive coatings, I f  t h e  bonding means depends upon 
screw t h r e a d s ,  two o r  more screws o r  two full th reads  of a single screw 
s h a l l  engage t h e  metal. 
. . 
10.5 A s p l i c e  s h a l l  not  be employed i n  a wire conductor used f o r  
bonding. 
10.6 A l l '  j o i n t s  i n  t h e  bonding p a t h  shall be mechanically s e c u r e  
independent of any s o l d e r i n g .  
10.7 A bonding conductor shall be of copper ,  copper a l l o y ,  o r  o t h e r  
mate r i a l  acceptable  f o r  use as an . e l e c t r i c a l  conductor. A f e r r o u s  metal 
p a r t  i n  t h e  grounding pa th  s h a l l  be  p r o t e c t e d  a g a i n s t  co r ros ion  by . 
met a l l i r  o r  nonmetal l ic  c o a t i n g s ,  .such as p a i n t i n g ,  ga lvaniz ing o,: 
p l a t i n g .  A separate bonding conductor o r  s t r a p  shall: (1) be p ro tec ted  
from mechanical damage,. and (2) not be secured by a removable f a s t e n e r  
used f o r  any purpose o t h e r  than  bonding unless 'tlLe bonding conductor is 
un l ike ly  t o  be omitted a f t e r  removal and r e p l a c e m n t  of t h e  f a s t e n e r ,  
10.8 A metal-to-&tal mult iple-bearing pin- type hinge is  considered 
t o  be an acceptable  means f o r  bonding. 
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10.9 A terminal. of a module o r  pant11 ( f o r  example, a wire-binding 
screw, a p ressure  wire con'rrector, ox a nut-on-stud) intended t o  accommo- 
d a t e  an equipment grounding conductor s h a l l  be i d e n t i f i e d  by being 
marked llG't, "GR", "GROUNDt1, e ' ~ ~ ~ ~ ~ I N G 1 l ,  o r  t h e  l i k e ,  or  s h a l l  have a 
green-colored p a r t .  No o t h e r  terminal s h a l l  be so i d e n t i f i e d .  
10.10 I f  a marking is w e d  t o  i d e n t i f y  an equipment grovnding 
terminal ,  i t  s h a l l  be l o c a t e d  on o r  adjacent  t o  t h e  termin.d,  d r  on a 
wiring diagram aff ixed t o  t h e  module o r  phnel riear t h e  terminal.' 
10.11 If a green-colored part ie used t o  i d e n t i f y  the equipment 
grounding t e r m i n a l ,  i t  s h a l l  be r e a d i l y  visible dur ing ar d a f t e r  
i n s t a l l a t i o n  of t h e  equipment grounding conductor and t h ?  p o r t i a n  of t h e  
terminal  t h a t  i s  green  hall not be readi ly  removable fr lrd t h e  remainder 
of t h e  terminal. 
10.12 The surface of a lead of a module o r  panel in tende l  f o r  the 
connection of an equf-wnt grounding conductor shall be i d e n t i f i e d  by 
i n s u l a t i o n  colored green, o r  green w i t h  yellow s t r i p e ( s )  . No other lead 
shall be  so  i d e n t i f i e d .  
1 Spacings 
11.1 The spacings be tween uninsula ted  l i v e  parts n o t  of t h e  same 
p o t e n t i a l  and between a l i v e  p a r t  and an a c c e s s i b l e  metal part, s h a l l  
n o t  be  less than t h e  va lues  spec i f  l e d  i n  Tables 11.1 and 11.2. 
Exception: These spacing requ i ranen t s  do n o t  apply t o  the i n h e r e n t  
spacings  of a component, such dpacings s h a l l  comply with the require- 
ments f o r  the  cunponent i n  ques t ion.  
11.2 The spacings a t  a f ie ld-wir ing terminal are t o  b e  measured 
w i t h  and wi thout  wire connected t o  t h e  terminal .  The w i r e  i s  to be 
connected as i t  would be i n  actual use. I f  then t e d n a l  w i l l  p r o p e r l y  
accommodate it, and i f  the p roduc t  i s  n o t  marked t o  r e s t r i c t  i t s  use, 
the  wire is  t o  be one size l a r g e r  than  t h a t  r equ i red ;  o the rwise ,  t h e  
wire is t o  be the size required. 
11.3 Enamel-insulated and similar f i lm-insulated wire is considered 
t o  be an ulkinsulated l i v e  p a r t  i n  d e t e d n i n g  compliance with the 
spacing requirenents i n  this standard. 
11.4 Surfaces separated by a gap of 0.013 inch (0.33 mm) or less 
a r e  considered t o  be i n  contact with each o t h e r  for t h e  purpose of 
judging over -sur2al.:e spacinga . 
11.5 In Tables  11.1 and 1 1 . 2 ,  the p o t e n t i a l  involved is  the mximum 
voltage that may exist between p a r t s  d u r i n g  any anticipated use of the 
module or panel. 
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TABLE 1 1 . 1  
MINlMUM ACCEPTABLE SPACINGS AT WIRING TEWiINALS 
Po t e n t  i a l  Involved Through Air and Over Surface . 
Volts Inch (mm) 
TABLE 11.2 
MINIMUM ACCEPTABLE SPACINGS ELSEWHERE THAN AT WIRING TEHIINALS 
P o t e n t i a l  Involved Through A i r  Over Sur face  
- 
V o l t s  Inch (mm) Inch  (mm) 
12. Wiring Compartments 
12.1 A$ least 2 cub ic  i nches  (32.8 wn5) f o r  each intended No. 14 
AW5 (2.1 mm ) o r  smal le r  conductor  and atpleast 2.25 cubic i nches  ( 3 6 . 9  
cm ) f o r  each intended No, 12 AWG (3.3 mm ) conductor  i nc lud ing  i n t e g r a l  
conductors  of t h e  module o r  pane l  s h a l l  be  provided i n  a wir ing compart- 
ment. Xn- the  space comprising t h e  minimum requi red  volume, no e n c l a s u r e  
dimension s h a l l  b e  less t h a n  3/4 i n c h  (19.1 rnrn), 
L2.2 A wiring cmpar tmen t  s h a l l  h e  provided w i t h  means f o r  connec- 
t i o n  t o  a wiring system. 
L 
1 2 . 3  A wiring compartment intended f o r  u se  wi th  open wir ing  shall 
have provib ion  f o r  t h e  s e p a r a t e  e n t r y  of each conductor  through a hole. 
12.4 A wir ing  compartment shall have p r o v i s i o n  f o r  s ecu r ing  conduc- 
t o r s  e n t e r i n g  the compartment. I n  de te rmining  compliance t o  this 
prov i s ion ,  w i r e  binding screw terminals, p i g t a i l  l e ads ,  and t h e  l i k e ,  t o  
which t h e  f i e l d  i n s t a l l e d  l eads  a r e  connected a r e  n o t  considered a means 
Eo r secu r ing  t h e  conductors.  
Exception No, 1: A wir ing  compartment in tended  f o r  u s e  with condu i t  
( m e t a l l i c  o r  nonmeta l l ic )  o r  for use  with e l e c t r i c a l  m e t a l l i c  t u b i n s  
need n o t  have p rov i s ion  f o r  s ecu r ing  conductors  e n t e r i n g  the box. 
Exception No. 2: For a wiring compartraent in tended  f o r  use  with shea thed  
cable ,  t h e  cmpartment  s h a l l  have p r o v i s i o n  for s e c u r i n g  the sheathed 
conductors ,  
12 , s  An unthreaded h o l e  f o r  open wir ing  shall n o t  be loca t ed  i n  the 
top of t h e  wiring compartr~ent  arnless a hood P i t t i n g  ie provided;  if. an 
unthreaded hole  is located i n  a p i d e  above l i v e  parts, i t  shall provide  
for t h e  wire leaving the enc1osu.n.o i n  t h e  downward d i r e c t i o n .  
12.6 There s h a l l  be provis i : rn  f o r  dra inage  of a cmpartment if a 
hockout o r  an un th teaded  conduit  opening i s  provided. W e  minor 
dimension of a drainage opening shall be n o t  i e s d  t han  1/8 inch' (3.2 
mm) , 
12.7 A wiring compartment shall have no more than one opening when 
t h e  module o r  panel  is sh ipped  from the f a c t o r y ,  Tapped h o l e s  with 
screwed-in plugs are n o t  considered openings. 
Exception: Two openings where open wir ing  i s  intetided t o  be accommodated. 
12.8 Gaskets and seals s h a l l  n o t  d e t e r i o r a t e  beyond limits dur ing  
a c c e l e r a t e d  aging, and s h a l l  n o t  be used where they may be s a b j e c t  t o  
flexing during normal ope ra t ion .  See S e c t i o n  33. 
Metallic Wiring Cornpar tments 
12.9 A wir ing compartment of sheet steel a h a l l  have a wal l  thick- 
ness of n o t  less than  0.053 inch  (1.35 mm) i f  measured uncoated, o r  
0.056 inch  (1.42 mm) if measured with a zinc coa t ing .  
12.10 A wiring compartment of sheet aluminum shall have a wall 
t h i ckness  of no t  l e s s  t hen  0.0625 inch (1,59 mm) . 
12.11 A wiring compartment of c a s t  i r o n ,  aluminum, brass, o r  bronze 
s h a l l  have a wall  thickness of no t  less  than  3/32 inch (2 .4  mm) . 
12.12 A ho le  in tended  For t h e  connect ion oE r i g i d  metal condu i t  i n  
the  enc losu re  of a metal  w i r ing  compartment s h a l l  be  threaded ,  u n l e s s  it 
i s  loca t ed  e n t i r e l y  below t h e  lowest l i v e  p a r t  i n  t h e  compartment other 
than insulated wires.  
12.13 A threaded ho le  i n  a metal wiring cunpartment intended f o r  t h e  
connect ion of r i g i d  metal  condu i t  s h a l l  be  r e i n f o r c e d  t o  provide  metal 
no t  less than 1/4 inch (6.4 mm) t h i c k ,  and shall be t ape red  unless a 
conduit  end st op i s  provided . 
12.14 I f  threads f o r  the connect ion  of c o n d u i t  a r e  tapped all t h e  
way through a ho le  i n  a compar tmnt  wall, o r  i f  an equ iva l en t  construc- 
t i o n  is employed, there s l ~ a l l  no t  be less than 3-1/2 n o r  more than 5 
threads  i n  t h e  metal and the c o n s t r u c t i o n  shall b e  such t h a t  a condu i t  
bushing can  be a t t ached  as  intended.  
12.15 I f  threads f o r  t h e  connect ion of condui t  are not tapped a l l  
the way through a hole i n  a compartment wall, t h e r e  s h a l l  n o t  be  l e s s  
than f ive  Eu l l  threada i n  the metal and t h e r e  el-rtl.1 be  a smooth, rounded 
i n l e t  ho le  f o r  the  conductors  which s h a l l  a f fo rd  p r o t e c t i o n  t o  t h e  
conductors equiva len t  t o  t h a t  provided by a s t anda rd  condu i t  bushing. 
ale throat diameter of an inlet h o l e  shall be within t h e  limits s p e c i -  
fied in t h e  Standard for O u t l e t  Boxes and F i t t i n g s ,  UL 514, 
12 . 16 For  a non-threaded opening (where pe tmi t ted)  i n  a metal wiring 
compartment intended t o  accommodate rigid metallic conduft ,  a f l a t  
surface of suFEicient  a r e a  as  descr ibed  i n  t h e  Standard For O u t l e t  Boxes' 
and F i t t i n g s ,  UL f 14 s h a l l  be provided around t h e  opening t o  a c c e p t  t h e  
bearPng su r f aces  of the bushing and lockwasher, 
Nonmetallic Wiring Compartments 
12.17 A wiring compartm9nt of a nomneta l l ic  (polymeric)  material 
s h a l l  have a wall thiclmess of nor less than  0.125 inch (3.18 mm) , 
12,18 A n o m e t a l l i c  w i r i n g  compartment intended t o  accommodate 
nonmeta l l ic  conduit shall e i t h e r  (1) !lave one o r  inore unthreaded 
condui  t-connect ion s o c k e t s  t h a t  comply with t h e  r equ i r enen t s  i n  
paragraphs 12.20-L2.22, integral with t h e  compartment, (2) have  one 
threaded o r  unthreaded opening f o r  a condui t-connect i on  socket, or (3) 
be blank f o r  use with a condu i t  connect ion socket. 
12.19 I f  a condui t  connec t ion  socke t  may be used ,  the accommodating 
wall  of a nonmeta l l ic  compartment shall have a s u f f i c i e n t  f l a t  surface 
t o  accommodate the bearing s u r f a c e s  of the locknut  and male a d a p t e r ,  
12 ,20 I n  a nonmeta l l ic  compartment, a socke t  f o r  the c o n e c t i a n  of 
nonmeta l l ic  conduit  s h a l l  p rovide  a p o s i t i v e  end s t o p  Eor t h e  conduit; 
and t11a socke t  d i  araeters,  t he  t h r o a t  diameter a t  the  entrance t o  t h e  
box, and t h e  wal l  t h i c k n e s s  of t h e  socke t  s h a l l  b e  wi th in  t h e  limits 
specified in Table 12.1 .  
12,21 The socket  depth shall b e  w i t h i n  t h e  l i m i t s  s p e c i f i e d  i n  Table 
12.1. 
12.22 The wal l  t h i c k n e s s  of t h e  socket shall n o t '  be less t han  
specified i n  Table 12.1. 
TABLE 12.1 
D IMENS.CONS OF CONDUIT CONNECTION SOCKETS, NONWtiTALLIC WIRING COblFARRIRNTS 
I+ini.mum Throat 
Diameter, Inches {mm) 
- -- 
Trade Socke tVa l1  For For 
S i z e  of Biinlmum Socket Diameter, Inches (mm) Socket Depth,  . . U ~ E  lJith Use With 
Conduit, Tllickness A t  Entrance A t  Bottom - 1nches (rnm) Rea-vy-Wall Thin-IJa1 1 
Incl~es in. (mm) Maximum Minimum llaximum Mlnimom Maximum Minimum Conduit Conduit 
3.500 
(38.10) 
1.500 
(38.10) 
1.575 
(47.63) 
2 .a00 
(50.80) 
2.000 
(50. SO) 
2.000 
(50.80) 
3 .ooo 
(76.20) 
3.125 
(79.38) 
3 -250 
(82 .. 55 )  
3.375 
(35*73) 
3.625 
(92.80) 
3.750 
(95.25) 
! 3 .  Corrosion Ree is tance  
[While s e v e r a l  op t ions  a te  presented concerning c o r r o s i o n  p r o t e c t i o n  
schemes, not: 3x2 w j  be acceptab le  ( t e e .  *- some may be r e j ec t ed  by the 
municipal 5.t:;spnctor) i n  a p a r t i c u l . ~ r  l o c a t i o n , ]  
13.1 Sheet s t e e l  having a th icknuss  of 0 ,120 inch  (3.05 mm) o r  more 
t h a t  may be exposed t o  t h e  weather shad1 be inadr c o r r o s i o n - r e s i s t a n t  by 
one of the Eol lowing coa t ings  : 
A .  Hot-dipped c i l l -ga lvan ized  sheet s t e e l  conforming with t h e  
c o a t i n g  des igna t ion  C60 i n  Tab le  'i of ASTM 11525-76, with n o t  
less than 40% of t h e  z i n c  on any s i d e ,  based on t h e  minimum 
single spot - tes  t requirement i n  t h i s  ASTE1 s p e c i f  i c ~ t i a n ,  The 
weight of z i n c  coa t ing  may be determined by any metl~od; 
however, i n  case of questfoc, t h e  weight of coating s h a l l  be 
e s t a b l i s h e d  i n  accordance with the test  method of ASlM A90-69. 
B. A z inc  c o a t i n g ,  o t h e r  than   the^: ?rovided on  hat-dipped mi! 1- 
galvanized s h e e t  s tee1 , u n i f o m l y  appl ied  t o  an average 
t h i ckness  of n o t  less than  0,00041 i n c h  (0.010 mm) on each 
s u r f a c e  w i t h  a minimuin th i ckness  of 0 .a0034 inch (0.009 mm) . 
The t l ~ i c k n e s s  of t h e  coat!ng shall be e s t a b l i s h e d  b y  t h e  
F ie t a l l i c  Coat ing Thick~less  T e s t  f.? S e c t i o n  39. 
C ,  An organic  o r  i no rgan ic  p r o t e c t i v e  coating system on both 
su r f aces ,  app l i ed  a f t e r  forming. The r e s u l t s  of an e v a l u a t i o n  
of the  c o a t i n g  system s h a l l  d e m n s t r a t e  t h a t  i t  provides 
protection a t  l e a s t  equ iva l en t  t o  t h a t  a f forded  by the  z i n c  
c o a t i n g  descr ibed  ' i n  item A. See Sec t ions  34 and 38, 
D. Any one of t h e  means s p e c i f i e d  i n  paragraph 13.2. 
13.2 Sheet s t e e l  having a th i ckness  of l e s s  t h a n  0,120 inch (3.05 
mm) which may be exposed t o  the weather  n h a l l  b e  made co r ros ion  
r e s i s t a n t  by one of the  f o l  lcwirig coatings : 
A. Hot-dipped mill-galvanized s h e e t  s tee?. conf onning wi th  t h e  
c o a t i n g  des igna t ion  G90 i n  Tablo 'I of ASTM A525-76, with not  
less than  40% of t h e  z i n c  on any side, bssed o n  the minimum 
s i n g l e  s p o t - t e s t  requirement i n  this ASTM S p e c i f i c a t i o n .  The 
weight of z i n c  coa t ing  may be determined b y  any method; 
however, i n  case of ques t ion ,  the weight of c o a t i n g  s h a l l  b e  
e s t ab l i shed  in accordance with the  tes t  ~ ~ e t k e d  of AS'N A90-69. 
B. A zinc c o a t i ~ t g ~  other t h a n  t h a t  provided on  hot-dipped m i l l -  
galvanized sheet s t e e l ,  uniformly appl ied  to a n  average 
t h i c h e s s  of not less t han  0.00061 i n c h  <0.015 mm) on each 
s u r f  ace w i t h  a m i n . ' , m ~ m  th ickneso  of 0.00054 inch (0,014 mrn) . 
Tfie t h i ckness  of the c o a t i n g  s h a l l  be  es t.ah3.ished by the 
M e t a l l i c  Coat ing Thickness Test  i n  S e c t i o n  39. An annealed 
c o a t i n g  s h a l l  a l so  cornpig wi th  paragraphs 13.4 and i3,5, 
C. A cadmiuln coa t lng  n o t  l e s s  than 0,0010 inch (0.025 mm) t h i c k  
on  bo th  s u r f a c e s .  The t h i ckness  of t h e  c o a t i n g  shall be  
es ta1)lished b y  tlre Metallic Coating Thickness  Test i n  Sect i o n  
39 * 
D. A z i n c  coating conforming w i t h  I t e m  A o r  B aE Paragraph 13,l 
wtth one coat of outdoor pa in t .  The coating syotem shall 
comply w i t h  Paragraph 13.2, Part  F ,  
E. A cadmium c o a t i n g  n o t  l e s s  t han  0.00075 i n c h  (0,019 mm) t h i c k  
on both  s u r f a c e s  wi th  one c o a t  oE outdoor  p a i n t  on bo tfi 
s u r f a c e s ,  o r  n o t  less than  0.00051 i n c h  (0.813 mm) t h i c k  on 
bo th  s u r f a c e s  w i t h  two coats of outdoor  p a i n t  on b o t h  
surfaces. The thickness of t h e  cadmiuln c o a t i n g  shall be 
established by the  Metallic Coating Thickness  T e s t  i n  Sec t ion  
39 and t he  c o a t i n g  system s h a l l  comply 9 t h  Item F. 
F.  With reference t o  Parts D and E, the results of an e v a l u a t i o n  
b f  t h e  coa t ing  system s h a l l  demnstrate t h a t  i t  provides  
p r o t e c t i o n  a t  least equivalent t o  t ha t  a f fo rded  by t h e  zinc 
coa t ing  a s  descr ibed  i n  Part A (G90). See Sec t ions  34 and 38. 
13.3 With r e f e r e n c e  t o  p a r a g t a l ~ h s  13.1 and 13.2,  other finishes, 
including paints, speci~; .netall ic  finishes and combinat ions of the t w o  
may be accepted when c m p s r a t i v e  t e s t s  wit11 galvanized s h e e t  uteel 
(without annealing,  wiping, o r  other  su r f ace  t r ea tmen t )  conforming with 
Item A of paragraph 13.1 o r  13.2 a s  a p p l i c a b l e ,  i n d i c a t e  they prov ide  
equ iva l en t  p ro t ec t ion .  See Sec-&ions 34 and 3 8 .  
13 ,4  An anneaied coat ing  on sheet s tee l  t h ,  t is b e n t  o r  s i m i l a r l y  
formed o r  extruded o r  r o l l e d  a t  edge of holes a f t e r  annea l ing  shall. 
additionally be pa inred  in t h e  b e n t  o r  formed area i f  t h e  bending o r  
Po rming process damages the  z inc  coating , 
13.5 If flaking or cracking  of a z i n c  coa t ing  a t  the o u t s i d e  radius  
of a b e n t  ur formed s e c t i o n  is visible a t  25 power magnification, the 
zinc coating is considered damaged, Simple sheared  o r  c u t  edges and 
punched h o l e s  are not r equ i r ed  t o  b e  addi  , i o n a l l y  p r o t e c t e d .  
13.6 I r o n  o r  steel esrving as a necessary p a r t  of t h e  product  b u t  
n o t  exposed t o  the weather s h a l l  be p l a t e d ,  painted, o r  enameled f o r  
protect  ion aga Lns t co r ros ion .  
13.7 Lluminum may be used w i t h o u t  special corrosion resistance. 
13.8 Materials not s p e c i f i c a l l y  mentioned in S e c t i o n  13 shall b e  
evaluated on an i nd iv idua l  Lasis, The t e s t s  described i n  S e c t i o n s  34 
and 38 may be used i n  this eva lua t ion .  
14,  Edges 
14.1 Edges, p r o j e c t i o n s ,  and c o r n e r s  of p h o t o v o l t a i c  modules and 
panels sha l l  b e  such a s  t o  reduce t h e  risk of cuts t o  personnel .  Com- 
pliance i s  t o  be determined as descr ibed  i n  the Standard, Determinat ion 
of Sharpness of Edges on Equipment, UL 1439. 
15. Access ib ili ty 
15.1 No accessible pare of a module o r  panel shall involve a r i s k  
of e l e c t r i c  shock. 
Excep tion: A p a r t  that i s  n o t  energized when i t  ' i s  a c c e s s i b l e .  
15.2 A pa r t  i s  considered a c c e s s i b l e  i f ,  ' i n  a f u l l y  assahbled 
module o r  pane l  (that is, w i t h  a11 covers i n  p l ace ) .  t h e  p a r t  may be 
touched b y  the probe i l l u s t r a t e d  in Figure  ' 1 S . I ' .  
Rxcep t i o n  No. 1: A c o v e r  t h a t  may be removed wi thout  t h e  use of a t o o l  
is  t o  be  removed f o r  purposes of t h i s  requirement.  
Excep t i o n  Wo, 2: A cover t h a t  may be removed (wi th  o r  without  a t o o l )  
f o r  r o u t i n e  maintenance such as  cleaning, o r  t o  gain access t o  t o o l s ,  is  
t o  be  renoved f o r  pu p o s e s  of t h i s  r e q u i  rment, 
15.3 The probe i l l u s t r a t e d  i n  Figure 15.1 s h a l l  be a p p l i e d  t o  any 
depth  t h a t  the oponing w i l l  permit ;  and shall be  rotated or angled 
before ,  du r ing ,  and after i n s e r t i o n  through t h s  opening t o  any  p o s i t i o n  
that is  necessary t o  examine t h e  product .  The ?robe s h a l l  be  appl ied  i n  
any possible c o n f i g u r a t i o n ;  and, if necessa ry ,  the c o n f i g u r a t i o n  aha1 1 
be changed a f t e r  i n s e r t i o n  through the open ing .  The probe shall be'used 
as  a measuring ins t rument  t o  judge t h e  a c c e s s i b i l i t y  provided b y  an' 
openlng, and not as an instrument t o  judge the strength of a material; 
it shall b e  a p p l i e d  with the minimum f o r c e  necessary t o  a c c u r a t e l y  
determine a c c e s s i b i l i t y .  
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15.4 A p a r t  is considered t o  involve a r i s k  of e l e c t r i c  shock if it 
does n o t  comply with the. requirements  of Sec t ion  21 .  
6 F i r e  Res i s t ance  
16.1 A module o r  p a n e l  intended f o r  stand-off, rack, o r  direct  
mounting in combination w i t h  a prescr ibed  roof ,  and a module' i c tended  
f o r  munting zs p a r t  of t h e  rogf cover ing  i t s e l f ,  s h a l l  comply wi th  t h e  
requirements  f o r  a Class  A, B ,  or C roof  covering i f  it is  i n d i c a t e d  o r  
impl i ed  as being f i r e  rated. For the combination situation, this rating 
need n o t  be  co inc ident  with t h e  b a s i c  roof covering material r a t i n g .  
Tl~e fire r e s i s t a n c e  s h a l l  be determined by the procedure of t e s t s  f o r  
f i r e  resistance of roof covering m a t e r i a l s ,  UL 790, as  modified by 
Section ?I 1, 
17. Supers trate 
17.1 A module o r  pane l  i f  of g l z s s  s u p e r s t r a t e  shall: 
A. Conply w;l t h  the  requirements  in Perfo nuance S p e c i f i c a t i o n s  and 
Methods of Test f o r  Safety Glazing Material Used i n  Bui ld ings ,  
ANSI 297.1-1975, 
B. Comply with  the r equ i r anenr s  i n  t h e  S a f e t y  Standard f o r  
Arch i t ec tu ra l  Glazing M a t e r i a l s ,  CPSC, Standard P a r t  1201, o r  
C .  Comply with the. Impact T e s t ,  Sec t ion  30. 
Exception No, 1: Thin-film f I e x i b l e  g l a z i n g  materj .al  having a 
thicknesses of 0.01 inch (0.254 mm) o r  l e s s  need not  comply wi th  t h i s  
requirement .  
Exception No, 2: Encapsulnnt t h a t  i s  p ro t ec t ed  w i t h  wire screen o r  
o t h e r  similar means having op inings that w i l l  n o t  pass a 1/2 inch (12.7 
mm) diameter hemispherically t i p p e d  probe a p p l i e d  w i th  a force of 1 l b  
(4.4 N). 
PERFORMANCE 
18, General 
18.1 The ,.ni Eormity of the  i r r a d i a n c e  over  t h e  surface of the 
module o r  pane i  d u r i n g  t he  temperature and vo'ltagc and c u r r e n t  measure- 
ments t e s t s ,  Sect ions  19 and 20, i s  t o  be such thq: the dFEEerence 
hetween the maximum and mintmum i r r a d i a n c e  over t h e  s u r f a c e  i s  n o t  mre 
than four percent of the surn of the naximum and minimum i r r a d i a n c e .  The 
a p e r t u r e  of t h e  ins t rument  used t o  determine u n i f o d t y  shall be 
18.2  The angle of incidence of t h e  r a d i a t i o n  a t  any p o i n t  on t h e  
module o r  pane l  during t h e  temperature and voltage and c u r r e n t  measurc- 
ments t e s t s ,  Sections 19 and 20, is  not t o  be more than 30 deg rees ,  
18.3 The orde r  of p r e s e n t a t i o n  of tests is  f o r  convenience only, 
and i s  not intended t o  imply t h a t  any one sample need be sub jec t ed  t o  
the complete sequence o r  a p a r t i a l  sequence of t e s t s  unless specifically 
s t a t e d .  k c ~ p  t where a sample  is  t o  be sub jec t ed  to .  a sequence of 
t e s t s ,  sep . a t e  samples may be used; f o r  example, one for each t e s t ,  i f  
desired. 
19, Temperature 
59.1 When a p h o t o v o l t a i c  module o r  panel. is  a t  thermal  equ i l i b r ium 
i n  i ts  in tended  a p p l i c a t i o n  mounting, referenced t o  100 rnW/cm i r r a d i a -  
tion, AM 1.5 spectrum, lGO°C a i r  temperature, nominal still a i r ,  
e l e c t r i c a l  open circuit, and  a l s o  ha t-spo t h e a t i n g  a s s o c i a t e d  with 
opera t ion  at: s h o r t - c i r c u i t ;  no  p a r t  s h a l l  a t t a i n  a tempera ture  t h a t  
would: 
B .  Causr;! t h e  t fmpera tu re  limits of s u r f a c e s ,  m a t e r i a l s ,  o r  
components, a s  desc r ibed  i n  Table  19.1, t o  b e  exceeded. 
C ,  Cause :rc.eplng, d i s t o r t i o n ,  sagging, cha r r ing  o r  similar 
damage t o  any p a r t  of t h e  product ,  i f  such damage o r  
d e t e r i o r a t i o n  may impair t h e  performance o f  t h e  p~*oduct  under 
t h e  requirements oE th%s Standard.  
D, Impose, by v i r t u e  of t h e  module o r  panel, a tempera ture  on an  
ad jacent  s t r u c t u r a l  member t h a t  would impa i r  that member, 
TABLE 1 9.1. MPX1MUf.I TEMPERATURE 
T empeca ture 
Part, Material, or Component " C  (OF) 
1. Insulating materials: 
Polymeric 
Varnished cloth 
Fibe r 
Wood and s i m i l a r  material 
Laminated phenolic canpos ition 
Molded phenolic composition 
2 .  Sealing compound (b) (b) 
3 .  F e l d  wir ing  terminals (c) 60  140 
4 .  Field wiring cmpartment that wires may contact (c) 60 140 
5, Metals ( d )  
Galvanized s tee1 (e) 
Aluminum a1 loys 
1100 
300 3 
2014, 2017, 2024, 5052 
6 .  Insu Lat ed conductors 
Temperature Racing 
7 .  Flexible cord of Types  SO, ST, S30, SJT (f) 60 140 
8. Other types of insulated wires (g) ( 8 )  
9. Surfaces accessible to contact (h) (h) 
Notes for  Table 1 9 . 1 :  
(a) For the open-circuit mode, '?e relative thermal index, less 20°C 
(36*F),  For the shor t -c i rcu i t  "hot spot" mode, the r e l a t ive  
thermal tndex. [The relative thermal index descr'lbes the maximum 
temperature, for a specific time, at which a material can be 
expected to re ta in  its characteristics.  ] 
(5) The maximum s e a l i n g  canpound t m p e r a t u r e ,  when co r rec t ed  t o  o 40°C 
(104'F) ambient t empera ture ,  is  t o  be 15°C (27'F) less than  t h e  
sof t en in8  p o i n t  of t h e  compound as determined by the Standard  T e s t  
Method f o r  Sof ten ing  Po in t  b y  Ring and B a l l  Apparatus,  ASD1 
E2S-1967 (197 7) 
(c) I f  a marking is  provided i n  accordance w i t h  paragraph 45.4, the 
temperatures  observed 011 t h e  t e rmina l s  and a t  p o i n t s  w i th in  a 
w i r i n g  canpartment may exceed t h e  value s p e c i f i e d  b u t  shall n o t  
a t t a i n  a temperature h i g h e r  than  90°C (194'F), 
(d)  Higher temperatures  t hen  speciEied are accep tab le  i f  i t  can  be 
determined t h a t  t h e  h igher  temperatures  will n o t  cause  a risk of 
shock o r  E i r e  o r  cond i t i ons  no t  i n  c m p l i a n c e  wi t11  Items A, C ,  o r  D 
of paragraph 1 9 . 1 ,  
( e )  T h e  s p e c i f i e d  maximum temperature a p p l i e s  i f  t h e  ga ivan iz ing  is  
r equ i r ed  a s  a p r o t e c t i v e  coa t ing  o r  t h e  r e f l e c t i v i t y  of the s u r f a c e  
i s  u t i l i z e d  t o  reduce t h e  temperatures  on o t h e r  m a t e r i a l s .  
(E) Higher temperatures  t h a n  s p e c i f i e d  a r e  accept  able i E f lexible  cord 
is marked as being rated Eor such use, 
(g) For i n s u l a t e d  conductors  o t h e r  t han  t h o s e  mentioned, r e f e r e n c e  
should be made t o  t h e  National Electrical Code, ANSI/NFPA No, 
70-1951, 
ill) Only Eo r hot-spo t h e a t i n g  under s h o r t - c i r c u i t  condi  t i a n s ;  f o r  
nonmet a1 l i c  su r f aces  40°C (72°F) above t rmpeta t u r e  achieved dur iqg  
open-c i rcu i t  condi , t ions;  f o r  m e t a l l i c  s u r f a c e s ,  20°C (36°F) above 
temperature achieved du r ing  open-circuit c o n d i t i o n s .  
, 
19.2 Mate r i a l  and component temperature2 are t o  be  determined f o r  
a n  ambient temperature of 40°C and 100 mW/crn i r r a d i a n c e ,  measured i n  
t h e  plane of t h e  p a n e l ,  I meter / sec  ( 2 , 2 3 7  mph) average wind speed. The 
ambient temperature may bc i n  t h e  range of 10°C t o  5 5 O C ,  i n  which case 
each observed t anpe ra tu re  s h a l l  b s  co r rec t ed  by t h e  a d d i t i o n  ( i f  t h e  
ambient temperature i s  be low 40°C) or s u b t r a c t i o n  ( I f  the ambient 
temperature i s  above 40°C) of t h e  d i f f e r e n c e  between 40°C and t h e  
obseryed ambient temperature.  If t h e  i r r a d i a n c e  i s  o t h e r  than  1GO 
m ~ / c m  , t m p e r a t u r e  r i s e s  f o r  numerous i r r a d i a n c e  levels a r e  t o  be 
determined, and a linear extrapo3ation conducted t o  determ5ne 
temperature rise under 100 mlJ/cm irradi ance, 
19,3 Should a n  unacceptable  pzrformance be encountered du r ing  t h e  
temperature test ,  and t h e  nerformance be  a t . t r i bu ted  t o  a test c o n d i t i o n  
t h a t ,  a l though within t h e  limits s p e c i f i e d ,  nay b e  cons idered  moce 
gevere than necessary; For example an ambient tempera ture  nea r  t h e  
bounds allowed (lO°C o r  5S°C), t h e  test may b e  reconducted under 
condi t ions  closer t o  the m~m.  
19.4 The ambient temperature is t o  he  measured by  an i ron -  
cons t an tan  thermocouple of No. 30 AWG wires ,  with t h e  junc t ion  loca t ed  
c e n t r a l l y  w i th in  a 6 inchb*(152 mm) l e n g t h  OF 2 inch ( t r a d e  size) s t e e l  
p i p e  complying with ANSI 836.10. The p i p e  i s  t o  be open a t  both ends ,  
and aluminum pain ted  i n s i d e  and o u t s i d e .  
19.5 The ambient temperature t t l e rmcoup le  j unc t ion  i s  t o  be  .covered 
.by a c l o s e - f i t t i n g ,  p o l i s h e d ,  nickel  sphe re ,  5 mm (0,197 in . )  i n  d ia -  
meter and i s  t o  be  l o c a t e d ,  with the axis of t h e  p i p e  v e r t l c a l  with t h e  
pipe midway between t h e  top and bottom of t h e  module o r  pane l  under  
t e s t ,  The bottom of t h e  p i p e  s h a l l  be a t  l e a s t  3 inches  (76 mm) from 
any h o r i z o n t a l  s u r f a c e  and L2 inches  (305 mm) h o r i z o n t a l l y  from t h e  
module, pane l ,  o r  suppor t  s t r u c t u r e ,  a t  l e a s t  1 2  i n c h e s  (305 mm) from 
any other object except  t h e  h o r i z o n t a l  suppor t ing  s u r f  ace ,  and not i n  
any p a t h  of h e a t  flow, If the temperature of t h e  ambience o t  t h e  
p roduc t  i s  no t  urnifom, several thermocouples,  p laced  around t h e  
product ,  s h a l l  be used, and t h e  mean value of t h e  severa l  r ead ings  
r e p r e s e n t s  t h e  ambient temperature.  
19.6  A module o r  p a n e l  i s  t o  be opera ted  in both of t h e  fallowing 
modes u n t  il cans r a n t  tempera tures  ( s e e  paragraph 19.15) are a t t a i n e d :  
B . Short-Circui ted . 
19 .7  For t h e  t e s t  under  s h o r t - c i r c u i t :  
A. One-half of one of t h e  c e l l s  of t h e  module o r  panel  i s  t o  be 
covered with b l a c k  v iny l  adhesive t a p e ,  0.007 inches  (0.18 rnm) 
th ick  i n  d i r e c t  contact with t h e  s u p e r s t r a t e  so  t h a t  this c e l l  
is n o t  i r r a d i a t e d ,  and 
B. Modules o r  pane l s  s h a l l  be connected i n  se'ries without  bypass  
diodes t o  t h e  e x t e n t  t h a t  would b e  permitteC by the marking 
a€ fixed t o  them. See paragraph  45.8. 
CCFfElENTAKY: The c ~ b j z c t  of the p a r t i a l  siladowing o.f a c e l l  under  
s h o r t - c i r c u i t  ope r a t i o n  i s  inducement' of reverse vo l t age  
h e a t i n g  of t h i s  c e l l ,  Thus, a s  t h i s  c e l l  may be  expected 
t o  achieve a higher t empera ture  than  t l ie  forward 
ope ra t ing  cells, t h e  tempera tures  on and about  t h i s  
shaded c e l l  should be measured. 
.[NOTE: Considera t ion  i s  be ing  given t o  change t h e  l e v e l  o f  cell 
shading f rm 50% t o  t h a t  which r e s u l t s  i n  nlsximum power 
d i s s i p a t i o n  i n  the shaded c e l l .  ] 
i9.8 A module o r  panel is  t o  be i n s t a l l e d  accord ing  t o  t h e  i n s t r u c -  
t i o n s  provided with it. If the  i n s t r u c t i o n s  do n o t  describe t h e  
accommodating s t r u c t u r e ,  spac ings ,  and  the  like, t h e  m d u l e  or panel  is 
t o  be mounted a s  described i n  paragraphs 19.10-19.12. 
19.9 With r e fe rence  t o  paragraphs 19.10-19.11, t h e  type  of mounting 
in tended ,  ( f o r  example, s t and -o f f ,  d i r e c t ,  and t h e  L K ~ )  is  t o  he  
determined E r u n  the c o n s t r u c t i o n  of t h e  rnodul6 p r  pane l .  I f  more than  
one type oE m u n t i n g  i s  p o s s i b l e ,  t h e  module o r  pane l  i s  t o  be  t e s t e d  i n  
each such mounting, unless one mounting can  be shown t o  r e p r e s e n t  a l l .  
19.10 A module o r  parlel intended for d i r e c t  tmunting on a roof  o r  
wall s u r f a c e  i s  t o  be  mounted on a p la t form cons t ruc t ed  of wood, pressed  
wood, o r  plywood, 3 / 4  i n c h  (19 mm) thick (see Figure 19.1).  The 
platform is t o  be pa in ted  f l a t  bldck a t  t h e  side Pacing t h e  t e s t  sample. 
The p la t fo rm is t o  extend a t  l e a s t  2 fee t  (0.6 m) beyond the module o r  
panel  on  a l l  s i d e s .  
19.11 A module o r  panel intended f o r  s tand-off  o r  rack mounting on a 
r o o f ,  wall, o r  the ground is t o  be m u n t e d  o n  a frame c o n s t r u c t e d  from 2 
by 4-fnch :trade size) lumber. Tho frame members are t o  be loca t ed  a t  
the o u t s i d e  edges of the unders ide  of t h e  module o r  panel, and a re  t o  h e  
o r i en t ed  l o n g i t u d i n a l l y  along the long axis of t h e  module o r  pane l .  
Addit ional  frame members are t o  be l oca t ed  a t  the o u t s i d e  edges of the 
underside of t h e  rnodule o r  panel r.\long i t s  s h o r t  axis. I f  t h e  d i s t a n c e  
between t h e  two outer  short a d s  members exceeds 2 feet (0.G m), an 
a d d i t i o n a l  frame member i s  ro  be loca t ed  a t  t h e  c e n t e r  l ine  of the 
module 9 r  pane l  assanbly .  The frame is t o  be secu red  t o  a p la t form a s  
descr ibed i n  paragraph 19. LO with a &foo t  (1.22 m) spacing between t h e  
back of t h e  module o r  panel and the p la t fo rm (see Figure  1 9 . 2 ) .  The 
Erme  i s  t o  be pain ted  f l a t  black o n  t h e  s i d e  Eaclng t h e  t e s t  sample, 
19.12 A module or panel intended f o r  i n t e g r a l  mounting within a roof 
o r  wall i s  t o  be t e s t e d  while mounted an a p l a t fo rm cons t ruc t ed  a s  
d r ~ c r i b e d  i n  paragraph 19.10 with the  module o r  p a n e l  boxed i n  on  a l l  
s i d e s  by 1-inch t h i c k  (trade size)  wood boards t h a t  a r e  wide enough t o  
cover  the  entire o u t e r  edge. The boztds e r e  t o  be p a i n t e d  f l a t  black on 
the side fac ing  the sunple .  
[NOTE: I n s u l a t i o n m a y n e c d t o h e  included i n t h e r e s t i n s t a l l a -  
t i o n ,  r e p r e s e n t i n g  t h e  i n s u l a t i o n  t h a t  may be 
incoy@.  ;-ated i n  t h e  i n s  t a i l a t i o n  of t h e  module a s  i n  
service . This  it  om is  under  s tudy . 
19 13 Iernperatures are t o  be measured by means of thermocoupLes. 
Themcouples  exposed t o  i rrad ia t ion  are to  be slzielded from the d irec t  
effect of such i r rad ia t ion  by tape,  A thermocouple 
junction is  to be securely held i n  pos i t ive  thermal contact with the 
surf ace of  the material the temperature of which i s  being measured. 
Thermal contact may be achieved by securely ccmentlng the t l ~ e m c o u p l e  
i n  place. For a metal surface, brazing, welding, or so lde r ing  the 
thermcouple t o  the metal may be used,  A thermocouple junction may be 
secured to  wire insu la t ion  or wood surfaces by t a p i n g .  
19 * I 4  Commonly, r h e r ~ c o a p  2es consisting of iron and constantan 
wires No. 30 AIJG (0.05 mm ) , and a po tentimeter-type inr3ttument are 
employed. I€ i t  i s  not practical t o  use iron and cowrantan thermo- 
c o u p l e s  some other type described Temperature Measurement Thermocouples, 
ANSI MC96.1-1975, may be used. 
19.15 k temperature is considered to be constant when three 
successive readings taken a t  15-minute intervals indicate that there is  
1 degree C or less of temperature change. 
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20. Voltage and Current  Measurements 
23.1 Tl~e output c u r r e n t s  of a modt~lrs o r  panel  s h a l l  no t  be  less 
than 85 percent nor more than t h e  rated values under condi t ions  of: 
A. Shor t  c i r c u l t ,  and 
0 Maximum power ou tpu t ,  
2 both in an environment of 100 m l ~ / c m  i r r a d i a n c e ,  20°C a i r  temperature,  
and 1 m/s (2,237 mph) average wind speed.  ' 
20.2 The output  v o l t a g e s  of a module o r  panel  s h a l l  b e  w i t h i n  f 10 
petcent of t h e  rated values under cond i t i ons  of :  
' 2 A. Open c i r c u i t ,  a n  irradiance of 100 m ~ ~ / c m  , a c e l l  temperature 
of O ° C ,  and 
2 B .  Maximum power ou tpu t ,  in an environment of 100 mN/cm i r r a d i -  
ance ,  20°C a i r  tempera ture ,  and 1 m/s average wind speed .  
20.3 For purposes of a c c e s s i b i l f  t y  t o  l i v e  parts,  paragraph  6.3, 
vol tage  s h a l l  be getermined under c o n d i t i o n s  of open c i r c u i t ,  a n  i r r a d i -  
ance of 100 ml~/crn , and a c e l l  temperature of -20°c,  
2 0 . 4  Voltage and c u r r e n t  va lues  may be  measured a t  tempera tures  
o the r  t h a n  those  s p e c i f i e d  i n  paragraphs 20.1-20.3, and v a l u e s  a t  the 
specified tempera tirres c a l c u l a t e d  by way of tempera ture  c o r r e c t i o  n 
coef f i c  F ent s , 
2 1. Leakage Current  
2 1 . 1  The leakage c u r r e n t  of a module having  a marked maxfmum system 
. v o l t a g e  of 30 v o l t s  o r  mo,re, s h a l l  n o t  be  g r e a t e r  than t h e  v a l u e s  speci- 
fied in Table 21.1 when t e s t e d  as des=:ribed i n  paragraphs 21.3-21.8. 
2 1.2 The t e s t  i s  t o  be conducted on t h r e e  uncondit ioned specimens 
of a module, and t h e  s p e c i n e n s  t h d t  have  been s u b j e c t e d  t o  Voltage 
Surge, S e c t i o n  28; and Exposure t o  Water Spray Test, S e c t i o n  32. Where 
panels are used For t h e  Exposure t o  Water Spray Test, modules of these 
panels are t o  be used f o r  the  Leakage Current T e s t  t h a t  fo l lows .  
21.3 Leakage current r e f e r s  t o  a l l  c u r r e n t ,  i nc lud ing  s t e a d y  s t a t e  
ac capacit ive c u r r e n t s ,  that may be conveyed between accessible s u r f a c e s  
and a c c e s s i b l e  c i r c u i t  par t s  of a module when t h e  module i s  connected t o  
t h e  sou rces  a s  descr ibed i n  paragraphs 21.4 and 21.5. 
21.4 Both t h e  ac and d c  t es t  vo l t ages  a r e  t o  be a t  a  l e v e l  equal  t o  
t h e  r a t e d  maximum acceptable v o l t a g e s  (ac rms and dc sys tern) . 
[NOTZ: ~ e i k a ~ e  current requiranents are based on the maximum 
vo l t age  t o  ground tc which a module may b e  sub jec t ed ;  
t h e r e f o r e ,  t he  cr i t ica l  dc vo l t age  i s  the  maximum array 
d c  v o l t a g e ,  not t h e  module voltage. maximum ac 
v o l t a g c  will be a s s o c i a t e d  w i t h  the maximum a c  r i p p l e  
vo l t age  on  t h e  array, The level of a c  may be equal  t o  
t h e  array voltage, depending upon t h e  gtonnding scheme. ] 
. 
TABLE 21.1 
ALLOWABLE LEAKAGE CURRENT - 
Surface o r  Part from Which Maximum Current 
.-. Zileasuranent Is Made a c ( m s )  d c n  
Accessible conduct ive frame, pan ,  o r  the l i k e .  10 yA 10 pA 
Accessible  c i r c u i t  parts 0.5 mA 1 h .  
Conductive foil over a c c e s s i b l e  i n s u l a t i n g  s u r f a c e s  - 0,s rnA 1 mA 
21.5 A11 a c c e s s i b l e  pa r t s  and s u r f a c e s  are t o  be t e s t e d  f o r  leakage 
c u r r e n t ,  The positive and nega t ive  t e rmina l s  of a n  uni l luminated  module 
.-re t o  be connected t a g e t h e r  and t o  one terminal of f i r s t  a 60 h e r t z  
s i n u s o i d a l  power supply and second a d c  power supply. For t h e  d c  t e s t s ,  
bo th  p o l a r i t i e s  of t h e  sou rce  connect ion a r e  t o  be used,  unless i t  can 
be shown t h a t  one polari ty  w i l l  represent both .  Leakage currents ate t o  
be measured between the par t  or s u r f a c e  and t h e  0 thp . r  terminal of the 
power supply. Leakage c u r r e n t  i s  t o  be measured with the  meters 
descr ibed i n  paragraphs 21.7 and 21.8. 
21,6  When leakage c u r r e n t  i s  measured a t  art insul.latir~g s u r f a c e ,  a 
40 by 20 cm conduct ive f o i l  i s  t o  be i n  c o n t a c t  w i t h  tile s u r f a c e ,  and 
t h e  measurement i s  t o  be. made from the  foil. If t h e  s u r f a c e  i s  l a s s  
than  40 by 20 cent f ize te rs ,  r h e  foil i s  t o  be t h e  same size as  the 
surf  ace, 
2 1,7 The matirr f o r  the d c  lneasurenent i s  t o  be  respons ive  t o  dc  
only, and i s  t o  have a n  i n p u t  imprdance of 500 ohms, 
21.8 The meter f o r  ac measurement i s  t o  i n d i c a t e  the  mu value of 
the  c u r r e n t ,  and i s  t o  have an i n p u t  impedance of 500 ohms r e s i s t i v e .  
22. S t r a i n  Re l i e f  
22.1 A lead f o r  connec t ion  t o  e x t e r n a l  w i r ing ,  o r  a n  i r .+erna l  lead  
t h a t  may be subject t o  handling dur ing  i n s t a l l a t i o n  o r  routine servicl.ng 
of a module o r  pane l ,  i nc lud ing  a f l e x i b l e  cord ,  shall wi.2hstand f o r  one 
minute a force of 20 pounds (89 newtons) app l i ed  i n  any d i r ~ c t d o n  
p e t d t t e d  b y  the c o n s t r u c t i o n ,  without  damage t o  e i ther  t h e  lead, i t s  
connect ing means, o r  t h e  module o r  pane l .  
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23. P u s h  and Cut 
2 3 . 1  Any p o i n t  on the surEace of t h e  complete! ~ m d r ~ l u  o r  pnne l  s l i n l l  
be capable of w i t h s t a n d i n g  Eor one minute  t i le  a p p l i c a t i o n  OF n 20 pul~nd 
(89 newton) Force  appl ied  by a 112 i n c h  (12.7 rn~n) d i a m e t e r  rod,  &lit? c?nd 
of which is  rounded t o  a 1/2 inch (12.7 mm) diameter hemisphcrc, arid tlrc 
a p p l i c a t i o n  of a 4 pound (17.8 newton) force app1it.d Ily a 1/16 irrcli ( l  .b 
mm) diameter rod, tlie end of  which i s  roundcd to  a 1/16 inch ( 1  . b  mm) 
diameter hemisphere, without  r e s u l t i n 8  l n  tlrc a c c e ~ s  i h  i l  L t y  (trans l to ry 
o r  permanent) (see Sec t ion  15) of a p a r t  Lnvolving n risk of e l c c t r l c  
shock and wi thou t  r e s u l t i n g  i n  c o n t a c t  h e  t w e n  tlre rod stid o p a r t  
involving a risk of e l e c t c  tc shock. 
23.2 Tile front and rear s u r f a c e s  of a modulc or pnnel  s l r ~ 1 1  h e  
capable of w i t h s t a n d i n g  t h e  test  desc r i led  .In paragraph  23.3 w i  tlroue 
r e s u l t i n g  i n  t l ie  a c c e s s i b i l i t y  ( t r a m i t o r y  o r  permanent) (scc Sec t lo t i  
15) of a p a r t  i n v o l v i n g  a r l s k  OF electric fihock arid wit l iout  rrsu1.t Ln: 
i n  c o n t a c t  between t h e  t o o l  and  a p a r t  i n v o l v i n g  a r l s k  of e l e c t r L c  
shock.  
23.3 The module or  pane l  -Is t o  he p o s i t i o n e d  i n  n 11or.tzontat plane 
with the surface under t e s t  facing upward,  'Ore tool .  d e a c r t h e d  i n  I'tgure 
23.1 i s  t o  be placed a,n the  s u r f a c e  f o r  one minute ,  and t h e n  drawn 
a c r o s s  both  t h e  f r o n t  and rear  s u r f a c e s  of tlre module o r  pnnel ia t a 
speed of 6 1 1 . 2  i n c h e s / s e c  (152 .4  t 30.5 mm/soc), 
Except ion:  The t e s t  is  n o t  t o  h e  c o ~ i d u c t e d  o n  t h e  rear cell. c?ncallauli~nt 
f o r  a module o r  pane l  whose r e a r  surface is  n o t  expnscd a f t e r  ally 
expec ted  i n s t a l l . a t i o n  of the produc t .  
24. Bonding Pat11 I n t e g t l t y  
24.1 The integrity and arnpacity of t h e  bonding p a t h  sllall he such 
t h a t  when a  c u r r e n t  equal t o  t w i c e  the  module o r  panel r a t e d  s h o r t -  
c i r c u i t  cur rent  1s caused t o  flaw tlrrough t h e  grorrnding p a t h ,  t h u  
vol tage  a c r o s s  t l ie  pa th  does  n o t  exceed o n e  (1.0) volt, 
24.2 A direct c u r r e n t  s h a l l  bc caused t o  f law from t h e  t e r m i n a l  or: 
lead intended t o  accept t h e  grounding conduc to r ,  t o  any accessll)la meta l  
p a r t  t h a t  i s  l i k e l y  t o  become energized b y  a f a u l t  O F  the  L n s u l a t t n n  
sys tan and t h a t  is l o c a t e d  f a r t h e s t  away fran t h e  grounding p o i n t .  
24 .3  The c u r r e n t  s h a l l  h e  i n c r e a s e d  Prom ze ro  t o  o value equal t o  
twfce2the ra ted  s h o r t  c i r c u i t  c u r r e n t  of t h e  rnotlule o r  panel a t  100 
mW/cm and NOCT. The r a t e  o f  incrc!ase s h a l l  be uniEorm and be suclr as 
t o  o b t a i n  t h e  s p e c i f i e d  c u r r e n t  Ln approx imate ly  5 acconds.  The 
specified current s h a l l  he  mainta ined f o r  2 minutes.  
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24.4 At no time during t h c  t e s t  ~111~111 t h c  voltttge between tllc 
p o i n t s  of n p p l i c n t i o n  of current exceed 1 v o l t .  111c vol tn&e meiaarurctwne 
i s  t o  be made on t h e  moduLe or pailel w i t h i n  n distance o f  1/2 inch (112.7 
mm) from t h c  p o i n t  of current injection. 
24 .5  IF more than onc t e s t  i e  deemed nocossclry t o  evn lunte  nl 1 tttc 
paths  of conduction between accessible rwtul parts ,  n cool ing  time OF ;it 
least 15 minutes b e b e e n  t es ts  s l iu l l  ba obacrvcd. 
FIGURE 23.1 
CUT TEST TOOL 
[Dimensions t o  be added] 
2 4 . 6  The t e s t  is  to be conducted o n  three unconditioned specimens.  
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25 ,  D i e l e c t r i c  Volraga 1Jitha tnnd 
25,l Tlls i t~su lnt ian  nnd spac ings  be twean l i v e  p a r t  a and acceas i b l a  
candrrct~lve p n r t a  and botwaat~ l i v c  p a r t s  and expoaed noncenductivo 
surfacas s l l n l l  witha tnnd t ho  npp l i cn t ion  of tav t valtagas aqua1 t o  2 x 
sys t a n  vol tage + 1000 v o l t s  witlrout ~pvidonce of breakdown, Tha voltnbes 
arlil t o  \la both d c  nnd n calnpoaite of nc and dc .  
25.2 Tho d c  t e s t  vo l tage  is t o  ba ZV+lO00 v o l t s ,  wlrere V i s  t h e  
rated ~nt~xirnu~u ncccptnblc  sratenr vo l t age ,  The d c  v o l t a g e  i s  t o  bo 
a p p l i e d  s e p a r a t e l y ,  anti i n  bo th  polarit ies .  
25.3 Tlra canpositc (dc p l u s  nc) test: vo l t age  i s  t o  ba n d c  vo l t age  
of 2V1 + A v o l t s  (whure V1 i a  t h e  r a t ed  maximum accelrtnble d c  system 
v o l t a g e ) ,  an  w t ~ i c l ~  i s  imposed a 60 h e r t z  sinusaidnl n l t o r n a f i i ~ g  vol tnga  
o f  2V + D v o l t s   IS (wtrure V, i s  t h e  r a t ed  ~nnxlrnu~r ncceptrible a c  rm 
vo l t age )  . A nnd 5 aro dcl.anQned as follows: 
A + l3.3 1000 v o l t s ,  and 
A rntecl rnnsi~num acceptable d c  systenr v o l t r e  
- a 
I1 r a t ed  mnximttm nccep t a b l e  n118 v o l t  nge 
25.4 Tlrr? t e s t  val tnga is  t o  bc appl ied  between a11 c u r r a n t  c t l r rying 
parts ant! a l l  nccusvlble parts .  
25,5 Ttlr voltage i s  t o  be increitsed From zero a t  n a u b s t n n t i n l l y  
r t n i f o ~ ~ a  r n t c  so as t o  a r r i v e  a t  tlla s p a c i f i o d  t e s t  p o t o ~ l t i a l  i n  approst-  
urn t e l y  5 aacancls, and then h e l d  a t  t h e  r e q u i r e d  t e s t  val  tage For 5 
1 minutes ,  The rrroclulo a r  panel i s  t o  be obvarvad d u r i n g  t h a  t c s  t and 
: t lrare are t o  be nu sQns of arcing o r  f lash-over ,  
25.6  The t e s t  vo l tage  i s  t o  be grndual ly  nnd s~noothly i i ~ c r c a s c d  t o  
t l ~ a  s p u c i t i e d  value, so  tlrat (a) t lrare ara no t r a n s i e n t s  t h a t  might  calrse 
the i ~ w t a n t n n e ~ u s  v o l t a g e  t o  exceed tlrc peak value s p e c i f i e d ,  and (b) 
t h o  flow OF cnpncitiviva c u r r a n t ,  ns due t o  cllnrging, doas no t  cnuse tlrc 
t c s t  davice  t o  i n d i c a t e  bra ukdawn. 
25.7 The t e s  t i s  t o  be conducted on t h r e e  uncandi tianad spocilncns , 
and t h e  spcc imer~s  thnt lrava been  subjec ted  t o  Voltage Surga, Sect ian 28; 
Exposure t o  H n i l ,  Sec t ion  29; Thposure t o  \dater Spray, Section 32; 
Temperature Cycling, Sect ion 35; HumidAty, Saction 36 ; and Corroslvu 
Atmosphera, S e c t i o n  38. The uncondi t ioned snmplas are t o  be a t  bo tll 
room tompernturc and also us lroated fratn t h e  s h o r t  c i r c u i t  operat ion 
p o r t i o n  OF tha  tmrporncuro t e s t  i n  Se+:tion 19, 
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25.8 For tests on exposed s u r f a c e s  of i n s u l a t i n g  p o r t s ,  the p a r t  is 
t o  be  covered  with conduct ive  f o i l  o r  the equ iva l en t .  
25.9 Each of the pieces of test equipment f o r  conduct ing the 
d i e l e c t r i c  voltage-withstand t e s t  i s  t o  have t h e  fo l lowing  f e a t u r e s  and 
c h a r a c t e r i s t i c s  : 
A .  A means f o r  dndicat4ng t h e  t e s t  vo l t age  t h a t  is be ing  applied. 
t o  t h e  product under t e s t .  This may be accomplished by sensing the 
voltage a t  t h e  t e s t  l ea& o r  by an  equivalent means. 
B. For an  AC rruchk!, :an o u t p u t  v o l t a g e  t h a t  (1) has a s i n u s o i d a l  
wav,effo m, (2) #ha6 a Frequency t h a t  is w i  t h ih  the range of 40-70 
ller tz and (3) has -a peak va lue  of t h e  7aveEom t h a t  i s  not less 
thgn 1.3 and n o t  more than 1.5 times t h e  root-meansquare value. 
, .  t 
C. For a 3% machine, an  ou tpu t  vo l tage*  t h a t  has a maximum of 
p e r c e n t  ripple, Percent  r i p p l e  is defined as 100 times 
the r a t i o  of , t h e .  rms value  of t h e  ac vo l t age  to t h e  d c  volt age,  
D .  A s e n s i t i v i t y .  such t h a t  when a L megohm r e s i s t o r  is connected 
across t h e  output, t he ,  t e s t  zquipment does n o t  i n d i c a t e  unaccep t- 
abZe perf~tmance € o r  any output  vo l t age  l e s s  than t h e  s p e c i f i e d  
t e s t  voltage, and  t h e  tes t equipment does i n d i c a t e  unaccep tab  t e  
performance f o r  any output vo l t age  equal  t o  or g r e a t e r  than tlze 
s p e c i f i e d  t e s t  value. The r e s i s t a n c e  of t h e  c a l i b r a t i n g  resistor 
ts t o  b e , a d ~ u s ' t e d  as close t o  1 megohm as i n s t rumen ta t ion  accuracy 
can -'provide, but never m r e  than  1 megol~m. 
26. Inve r se  Current  Overload 
26.1 There s h a l l  be no flaming of t l ~ r , c h e e s e c l o t h  o r  t i s s u e  paper 
i n  c o n t a c t  wi th  a module or  panel, o r  f laming of t h e  module o r  panel 
i t s e l f  for 15 seconds o r  more, when a c u r r e n t  eqsal t o  135 percent of 
the module o r  panel s e r i e s  fuse rating c u r r e n t  ( s e e  paragraph 45.9) i s  
caused t o  flow i n  a reverse d i r e c t i o n  through a module o r  panel (4 th  
quadrant  ope ra t ion ) .  
26.2 A module o r  panel  is '  t o  be placed on a s i n g l e  l a y e r  of wh i t e  
tissue paper  over a 3/4 inch (19.1 mm) thick p i n e  board and covered w-i.th 
a s i n g l e  l a y e r  of cheesec lo th .  The clieeseclo t h  i s  t o  b e  un t r ea t ed  
c o t t o n  c l o t h  running 14-15 squa re  yards per pound (26-28 squa re  meters 
per kilogram) and having what i s  known t o  t h e  t r a d e  as a count of 32 by 
213. 
2 6 . 3  Any blucking diode provided as a p a r t  of t h e  module o r  paiel 
is  t o  be defea ted  ( sho r t - c i r cu i t ed )  . 
25.4 The t e s t  is  t o  be conducted i n  an  a r e a  f r e e  of d r a f t s ,  and t h e  
i r r a d i a n c e  on the module o r  panel is  t o  be  l e s s  than 5 mW/cm . 
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26.. 5 The t e s t  i s  t o  be continued f o r  two hours  o r  untC1 u l t l m a t e  
r e s u l t s  ars  known, whichever occurs  f i r s t .  
27. Ins t a l l a t  i on  and Maintenance 
2 7 . 1  A p a r t  t h a t  I s  detachable ,  h inged ,  o r  t h e  l i k e  £or r o u t i n e  
maintenance s l ~ a l l  be t e s t e d  t o  v e r i f y  a b i l i t y  t o  wi ths tand  300 c a n p l e t e  
cycles of ope ra t ion  w i t h o ~ ' ~  breakage o r  o the rwi se  making t h e  part 
incapab le  of func t ioni r i s  i n  t h e  intended manner, i f  such would result i n  
noncompliance with any o t h e r  requirement  i n  t h i s  Standard.  I f  a screw 
i s  used t o  s e c u r e  6 ~ ~ 1 1  a part ,  it shall. b e  t ightened t o  and r e l ea sed  
from t h e  values s p e c i f i e d  i n  Table 27.1. I f  more t han  one screw is 
used, a single screw may be sub jec t ed  t o  the  t e s t ,  i E  such screw can  be 
slzown t o  be r e p r e s e n t a t i v e  of t h e  o t h e r s .  
27.2 A wire-binding screw o r  nut  on a wiring t e rmina l  s h a l l  be 
capab le  of withstanding 10 cyc le s  of t i g h t e n i n g  t o  and re l eas ing  from 
t h e  *values s p e c i f i e d  i n  Table 27.1 wi thout  damage t o  tlrr? te rmina l  
suppor t ing  member, without  l o s s  of c o n t i n u i t y  and. without  short 
c i r c u i t i n g  of the e l e c t r i c a l  c i r c u i t  t o  a c c e s s i b l e  me ta l .  
TABLE 27.1 
TORQUE RQUIREMENTS 
Torque 
Screw Size Ib-in . (21-m) 
No. 6 12 (1.36) 
No. 8 2 0 (2 3) 
No. 10 2 5 (2.8) 
1/4 in. 100 (11.3) 
5/16 in. 200 (22.6) 
318 in. 350 (39.5) 
7/16 i n .  550 (62.1) 
1/2 i n .  8 C O  (90.4) 
9/16 i n .  1 2 ~  
,-- 
(135.6) 
28. Voltage S u r p  
28 .1  A module o r  panel shall b e  s u b j e c ~ z d  t o  the  a p p l i c a t i o n  of 
e l e c t r i c a l  impulse energy as  descr ibed  i n  parapraphs 28.2-28.3; and 
A. The test shall n o t  r e s u l t  i n :  
1. Susta ined  a r c i n g  on o r  within t h e  modale o r  pane l ,  
Sus ta ined  a rc ing  is  def ined  a s  a r c i n g  con t inu ing  f o r  more t h a n  
f i v e  seconds a f t e r  t h e  l a s t  discllarge. The presence  of a r c i n g  
i s  t o  be determined v i s u a l l y ,  by c u r r e n t  flow frm the  V 
power supply ,  o r  by any o t h e r  a p p r o p r i a t e  method, and SYS 
B.  Following the a p p l i c a t i o n  of t h e  impulses ,  the module o r  panel  
shall comply wi th ;  
I .  The Leakage Current  T e s t  i n  S e c t i o n  21, and 
2 ,  The D i e l e c t r i c  Voltage Withstand Test i n  Sec t ion  25. 
28.2 The impulse i s  t o  be app l i ed  between t h e  connect Lon means 
(re d n a l s )  , connected t o g e t h e r ;  and a1 1 access  ible conduct ive p a r t s ,  
connected toge the r .  See Figure  28.1, 
28.3 The module o r  pane l  i s  t o  be connected t o  a d r  power supply as 
desc r ibed  i n  paragraph 2 8 . 4  and then sub jec t ed  t o  Four discharges from a 
0 .1  ,uf dump c a p a c i t o r  which has been charged t o  6 Iw, The tes: appa ra tus  
i s  as d e ~ c r i b e d  i n  paragraph 28.4 and Figu re  28.1. The p o l a r i t i e s  are 
t o  be  a s  shown. The i n t e r v a l  between succes s ive  d i s c l ~ a r g e s  is t o  be  
f i v e  seconds , 
28.4 In  r e f e r e n c e  t o  Figure 28.1, t h e  t e s t  apparatus  i s  as fol lows:  
VDC - 6 kv d c  power supply capable  of recharg ing  a 0.1 pf 
c a p a c i t o r  t o  G kv + 500 v within 5 seconds o r  less. 
C - 0.1 ~f + lo%, 10 kv c a p a c i t o r .  
v s ~ ~  - DC power s u p p l y ,  open-circuit vo l t age  s e t  t o  t h e  maximum 
a c c e p t a b l e  system d i r e c t  v o l t  age, short-circut t c u r r e n t  
set t o  200 mA, 
S - High vo l t age  switch.  
1 
L - Choke (parameters  snd cons trucr ion  of the ckiikr?: $\re t o  be 
determined a t  a later t i m e ) .  
FIGURE 28 .1  
I h!odule un?e r  t e s t  
- 
- Ind ica tes  common connection; 
v not  neccesarily ground 
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29. Exposure tn IlnC1 
2 9 . 1  There s h a l l  be no acceselbll ity t o  l i v e  lrattv i i ~  dufinr?rl i n  
Section 1 5 ,  nor sha l l  any piece of: u motlule or  punal he releilsrd Froin 
i ts  no~'rxa1 posit ion as a result  ol: a taodule or  panel b ~ l n i :  ilnpnctud w l t l l  
s imulated ha i l  (ice bal l s )  as descr1I)ed in  parugrtlplrs 29.2-29.5. 
29 .2  A module or panel i s  t o  Ite mounted i n  n mwnner r e l ~ r e s c n t r ~ t i v c  
of i t s  intendod use and i a  to he subjected t o  norm;lJ. (r ight  angle)  
impacting with 25 min (1 In.) diameter ice l ) s l l u  t raml ing  ;it a rtirinlnal 
velocity of 2 3 . 2 2 1 . 1 6  m/sec (5222.6  mph) . 'Ihc ice u a l l s  nrny hc 
propelled by pneumatic or spring-actuli tcci guns, o r  by otner tnenns 
acceptable to  tlruse concerned. Ten of n mclduleut or pancls' lncrs t 
s e n s i t i v e  points arc to be Linpacted. Each paint  s l ~ n l l  be eubJected to  
o n l y  one impnct.  
29 .3  An ice b a l l  i s  to  be sphericnl w i t h  n maxhnrtrn d e v i a t t a n  Lrr 
diameter from s p l ~ e r i c n l  of 23 mm (0. L25 I n  .). 'rllc? Lco b n l t s  iirr to 1,s 
cooled t o  -10f2°C (14k3.6'F) by storage i n  n cornpn r t ~ n c n t  ma lntr?illr?rl i ~ t  
t h i s  temperature f o r  a rninimu~n o f  5 hours.  Tlrn icc hrllla a t e  to I ) # *  
E ired w i t h i n  1 mirrutt? a €  tec removal Froin tlri? cl la~t~be r ,
29 .4  After each impact, the sample i s  t o  hi? inslwcted For v i s i b l e  
evidence of damage. 
29.5 The most scns Ltive exposctl points  oil n sample may hc r l c t ~ t -  
mined experimentally throlxgh destruct fve t c s  ting ol: n samp1.c p a n e l .  'Ecc 
b a l l s  having a 25 mm (1 i n . )  d i l~meter  are t n  be Fi.ri?~l ; ~ t  cnndldute 
sensitive points  w i th  incseasinfi velocity unt t l  tltc sample breaks. 
Several dLFEerent points  on the sotuple are t o  bo hrokctr, and tlrt? pnlnrr? 
broken a t  t h e  lowest velocttletl arc t o  hi! used fur  sul~sc?qrlent t e s t i n g .  
The candidate  p o i n t s  are t o  include ( i f  applicable) tllc follow in^: 
A. Center p o i n t s  of  ce l l s .  
B. c o r n e r s  and edges of the ~nodulc  .
C. Edges of c e l l s ,  especially urout~d elecer.lca1 c o n t ~ l c t s .  
n.  Points o f  minimum spacing betwean ce l l s .  
E.  Points  of s u p p o r t  For a n y  c ~ p e r s t r a t e  m t e r i a l .  
P ,  Points of ~naximurn distance from p o i n t s  OF support i n  11. 
30. Impact 
30.1 There shall he no occesu ih i l i ty  to l ive parts as defined in  
Section 15, nor s h a l l  any piece of a module or penel weigl~lnp,  twrc than 
be released From its nomi11 ~ o ~ i t i o n  ;IS n rt!sul t of n motlufc or 
panel being impacted a s  described i n  paregraph 30.2. 
30.2 A module o r  panel  i s  t o  be mounted i n  a manner r e p r e s e n t a t i v e  
of its intended use, and is t o  be subjec ted  t o  a  5 ft lb (6.78 jou le s )  
impact Etm a 2 inch (51 mm) d iameter  sniooth s t e e l  sphe re  weighing 1.18 
pounds (535 grams) f a l l i n g  through a d i s t a n c e  o f  5 L i nches  (1.295 m) . 
The module o r  panel  is t o  be s t r u c k  a t  any p o i n t  considered most 
vu lne rab le .  If the c o n s t r u c t i o n  of a module o r  p a n e l  does n o t  permit  it 
t o  be  s t r u c k  f r e e l y  from above by t h e  f r e e l y  falling sphe re ,  the sphe re  
i s  t o  be suspended by a cord and allowed t o  f a l l  as  a penduliltn through 
t h e  v e r t i c a l  d i s t a n c e  51 inches  (1.295 m) . 
31.  F i r e  
31.1 A module o r  panel  intended f o r  roof mounting and designated as 
being intended f o r  i n s t a l l a t i o n  above, upon, o r  i n t e g r a l  with a bu i ld ing  
roof structure su r f aced  with Class A, C la s s  0 ,  o r  C l a s s  C type  m a t e r i a l  
s h a l l  "w subjec ted  t o  a spread-of-flame t e s t  a s  descr ibed  i n  t h e  t e s t s  
f o r  f i r e  resistance of roof covering materials, UL 790 modified as 
descr ibed  h e r e i n ,  o r  as may otllerwise be a p p r o p r i a t e  For t h e  p a r t i c u l a r  
module o r  panel beinp, tested. A t  no time during o r  a f t e r  the t e s t s  
s h a l l :  
A. Any p o r t i o n  of the module o r  p a n e l  o r  the roo€ covering 
ma te r i a l  be blown o r  fall off t h e  t e s t  deck i n  t h e  form of flaming 
o r  glowing b r  anbs , 
B . The roof deck, ( inc luding  any p a r t  under a module or panel )  be 
exposed b y  breaking ,  s'Lidi.ng , cracking, o r  warping of t h e  roof 
covering,  o r  
C .  Por t ions  of t h e  roof deck o r  po r t ions  of a module o r  panel  
in tended  f o r  i n s t a l l a t i o n  i n t e g r a l  w i t h  o r  forming a par t  of the 
b u i l d i n g  structure f a l l  away i n  t h e  form OF glowing p a r t i c l e s .  
31.2 A t  t h e  conc lus ion  of the spreaa-of-Elamr t e s t s ,  t h e  Flaming 
shall not have spread  beyond 6 feet (1.82 m) f o r  Class A, 8 f e e t  (2 .4  m) 
f o r  Class 0 ,  and 13 feet (3.9 m) For Class  C .  (See a l s o  paragraph 
3 1.5, ) There shall have been no s i g n i f i c a n t  lateral  spread-of -flame 
from the p a t h  directly exposed t o  the t e s t  Elame. 
31.3 Tile t e s t  s e v e r i t y  (Class  A, 8 ,  o r  C) is  t o  be commensurate 
with t h e  intended des igna ted  c l a s s  of roof cover ing  material. 
31.4 For t h e s e  tests t h e  module o r  panel  i s  t o  be  i n s t a l l e d  i n  
accordance with the i n s t r u c t i o n s  provided with i t ,  Any mounting hard-  
ware fu rn i shed  w i t h  t h e  module o r  panel  i s  t o  be used t o  mount t h e  
module o r  panel  f o r  t es ts .  The s lope  oE t h e  module o r  pane l  wit11 
r e s p e c t  t o  t h e  h o r i z o n t a l  i s  t o  be t h e  minimuin s l o p e  specified i'n t h e  
installation i n s t r u c t i o n s .  The s l o p e  of the s imu la t ed  roof deck is n o t  
t o  exceed 5 inches p e r  f o o t  (416 mm/m) . 
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31.5 For a module o r  pane l  intended for i n s t a l l a t i o n  above a 
b u i l d i n g  roof s t r u c t u r e ,  t h e  spread-of-flame test is  t o  be  conducted 
w i t h  t h e  module o r  panel  o r i en t ed  wi th  r e s p e c t  t o  t h e  t e s t  flame such 
t h a t  t h e  flame impinges f i r s t  on the t o p  s u r f a c e  of t h e  module o r  pane l  
and t h e n  on t h e  bottom s u r f a c e  of the  module or panel .  (Two tests, > 
When t h e  spread-of-flame t e s t  i s  conducted with module o r  pane l  or ienteel  
wi th  respect t o  the t e s t  flame such t h a t  t h e  flame impinges on t h e  
bo'ttom s u r f a c e  of t h e  module or panel ,  t h e  test  deck is  t o  extend 6 f e e t  
(1.82 m) (Class A) + 8 f e e t  (2.4 m) (Class  B ) ,  o r  13 f e e t  (3.9 m) (Class  
C) beyond t h e  end of t h e  module OL panel  and the spread-of-flame is t o  
be measured s t a r t i n g  st a l i n e  on the t e s t  deck d i r e c t l y  beneath t h e  end 
of t h e  module o r  panel f a r t h e s t  from t h e  t e s t  flame. 
Exception: Where t h e  module o r  panel  o r i e n t a t i o n  t h a t  w i l l  r e s u l t  i n  
the  g r e a t e s  t spread-of -f lame can be i d e n t i f i e d ,  t e s t i n g  ie r equ i r ed  only  
wi th  tha t  o r i e n t a t i o n .  
31.6 A module o r  panel  intended f o r  roof mounting and marked a s  
being in tended  f o r  i n s t a l l a t i o n  upon or integral with a bu i ld ing . roo f  
s t r u c t u r e  sur faced  w i t h  C la s s  A, C la s s  B, o r  Class C type of roof 
cover ing  ma te r i a l  s h a l l  be su'rjected t o  a burning-brand t e s t  a s  
described i n  t h e  tes ts  f o r  fire resistance of roof covering m a t e r i a l s ,  
UL 790, modified as descr ibed  h e r e i n  o r  as may otherwise  b e  a p p r o p r l a t e  
f o r  the p a r t i c u l a r  module o r  panel  being t e s t e d .  For t he  t e s t  a s i n g l e  
brand (equiva len t  of Class B ,  UL 790) s h a l l  b e  used,  A t  no time dur ing  
o r  after t h e  r e s t s  sha l l :  
A ,  Any pol  t i o n  of the  module o r  pane l  o r  tlte roof covering 
m a t e r i a l  be blown o r  f a l l  o f f  t h e  t e s t  deck i n  the .form of f laming 
or  glowing brands ,  
B .  The roof deck inc luding  any part under  a module o r  panel, be 
exposed by breaking ,  s l i d i n g ,  c racking ,  o r  warping of the rdof 
covering, 
C. P0rrio.m of t h e  roof deck o r  p o r t i o n s  of a module o r  panel 
intended for i n s t a l l a t i o n  i n t e g r a l  wi th  o r  forming a  p a r t  of t h e  
bu i ld ing  roof s t r u c t u r e  f a l l  away i n  t h e  form of glowing par ,Eic les ,  
or 
D .  There be sus t a ined  flaming of t h e  underside oE t h e  rooE deck, 
o r  t h e  underside of t h e  module o r  panel. 
[Note: Cons idera t ion  i s  being given  t o  changing the s ize  and 
number of brands t o  correspond t o  those s p e c i f i e d  i n  UL 790 f o r  t h e  
r a t i n g  d e s i r e d . ]  
3 1.7 A module o r  panel is  not requi red  t o  be  useable  a f t e r  any of 
the t e s t s  of t h i s  s e c t i o n .  
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31.8 For each mode of test only one t e s t  need be conducted except 
au i n d i c a t e d  i n  paragraph 31 5 .  
32. Exposure t o  Water Spray 
32,l A module o r  pane l  s h a l l  be sub jec t ed  t o  a water lspray t e s t  as 
descril)od i n  paragraphs 32.2-32.6, and 
A, Tt~e test s h a l l  not r e s u l t  i n  
(1) Water on uninsula ted  live p a r t s  o r  the c o l l e c t i o n  of 
water i n  a compat tmnt  con ta in ing  l i v e  p a r t s ,  and 
8 .  Immediately following t h e  t e s t ,  t h e  module o r  panel  shall 
comply with 
(1) The d i e l e c t r i c  vo l t age  wi ths tand  t e s t  i n  S e c t i o n  25, land 
(2) The leakage current t e s t  in Sec t ion  21 .  
Both t e s t s  are , t o  be conducted without  any drying of the samples. 
32.2 A module o r  pane l  i s  t o  be m u n t e d  i n  a manner r e p r e s e n t a t i v e  
of its intended use. I f  one mounting does n o t  represent all, the t e s t  
s h a l l  be  conducted with each mounting deemed necessary .  
32.3 If a module o r  pane l  is  intended t o  be mounted as a n  integral 
p a r t  of t l ~ a  roof with an adjacent  module o r  p a n e l  i n  an a r r a y  using 
factory-designed j o i n i n g  s e c t i o n s ,  t h e  test  is t o  be conducted us ing  t h e  
J o i n i n g  hardware i n  accordance wi th  the i n s t a l l a t i o n  i n s t r u c t i o n s .  
3 2 . 4  Fie ld  wiring connect ions are t o  be made i n  accordance with t h e  
wir ing  method s p e c i f i e d  for t h e  product .  If more than one method i s  
s p e c i f i e d ,  t h e  metl~od l e a s t  likely to restrict the entrance of water is  
t o  be used. A th readed  opening intended t o  t e rmina te  i n  condu i t  i s  t o  
be sealed, unless a p o s s i b l e  use of t h e  threaded opening is with a 
wiring method l i k e l y  t o  allow the entrance of water,  
32.5 The t e s t  i s  t o  be conducted f o r  1 hour.  f f t h e  p o s i t i o n  of 
the module o r  pane l  under t h e  water spray may a f f e c t  the r e s u l t s ,  the 
t e s t  i s  t o  be conducted with the nodule or panel i n  each posi t ion,  
32.6 Af te r  exposure, t h e  module o r  pane l  shall be examined For 
evidence. of water p e n e t r a t i o n  t o  and above uninsula ted  l i v e  parts  and 
f o r  evidence of t h e  c o l l e c t i o n  of water i n  any compartment c o n t a i n i n g  
live parts .  I f  drain holes are provided, c o n s i d e r a t i o n  i s  t o  be given 
t o  t h e i r  prevent ing the water l e v e l  from r each ing  un insu la t ed  l i v e  
p a r t s .  
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32.7 The rain test apparatus is to  consist of three spray heads 
mounted in a water supply rack as illustrated ia Figure 32.1.  Spray 
heads are to be cons trt~cted i n  accordance with Figure 32.2. The water 
pressure for a l l  tests is t o  be maintained a t  5 psig (34 .5  kPa) a t  each 
head. The distance between the center nozzle and the product is t o  be 
approximately 3 feet (0.9 u). The product is t o  b e  brought i n t o  the 
focal area of the three spray heads i n  such pos i t ion  and under such 
conditions so  as t o  present the gkeatest quantity of water t o  entrances 
to the  product. The spray is  to be directed toward the module or panel 
a t  an angle ~f 45 degrees to the vertical.  
32.8 The water for the t e s t  is  t o  have a res i s t iv i ty  before the  . 
t e s t ,  of 35C02175 ohm-centimeters at 25°C ( 7 7 ° F ) .  A t  the conclusion of 
the t e s t ,  t h ~  res is t iv i ty  of the water is not t o  be less than 3200 
ohm-centimeters nor mre than 3800 ohm-centiwters at  25°C (77°F). 
FIGURE 32.1 
RAIN-TEST SPRAY-HEAD PIPING 
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FIGURE 32.2 
RAIN-TEST SPRAY HEAD 
- 7 (L-ILL T U N )  
S K C  120. 
Item inch mm Item inch rnrn 
a . Moldrd nylon Ralrt-T~II Spray llcada arc available 
frcm Undcr.*itrrn I.rhora~ur~rr Inc, 
ANSI H94.l l IMf Sirr. 
33. Accelerated Aging of Gaskets and Seals 
33 .1  Mate-rials used for gaskets, seals,  and the like (except for 
cork, fiberous material and similar products) s h a l l  have the physical 
properties as s p e c i f i e d  in Table 33.1, and shall comply with the 
physical progerty requirements of Table 33 .2 .  Tne material shall  not 
deform, melt, or harden t o  a degree which would a f f e c t  its sealing 
properties, 
33 .2  The temperature values in column 1 of T,able 33.2 correspond to 
the temperatures measured during the Temperature Tests. 
Min. Tens i le  
Strength 
d 
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TABLE 3 3 . 1  
Physical Property Requirements 
A ,  For S i l i c o n e  Rubbor: 
500 p e i  ( 3 . 4 5  MPa) 
8 .  For Orher Elastomers: 
-1- 
Min. Ultimaie C Compressive S e t  , 
Elongation Maximum Set 
C ,  For Nonelastolrlers (excluding cork, fiber and s i m i l n r  materials) : 
1500 p s i  (10.3 MPa) 200% 15% 
a Tens i l e  strenpth and ultimate elongation are to be determined using 
Die C specimens described i n  the Etaqdard Test Elethods Eo r Rubber 
Properties i n  Tension, A S D 1  D 412-19'15 or Type I specimens 
described i n  the Standard Test Method for Tensile Properties of 
Plastics ASDf D 638-1977. 
AB an alternale, an ulr h a t e  elongat ton of 200% is ascep table 
providing that the tensile strength is a t  least  2,200 p s i  (15.1 
>Pa) , 
C Compressive sc t is  to be de termfned 30 minutes aE ter specimen 
r e l e a s e  using the Standard Teat for Rubber Property-Compression Set 
AS'iM, D 3 9 5 ,  Method B .  
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ThRLE 3 3 . 2  
PHYSICAL REQUIREMENTS AbTER CONLII'CIONZMC 
Indentation 
Temperature 
Hardness  
on Material Minimum Percent Mo~irnrlm Change 
During oE the Result (Duro) from 
perature with Unaged Uncondi t Loncd a 
Test Condi ti.oning Procedure Spec-Lmens Value 
Tens i l c  U l t  h a t e  
Strength Elongation 
60aC (140°F) Oxygen bomb, 96 h r ~ .  a t  70°C 60 60 5 
or less (158'F) and 300 PSI ( 2 . 0 7  MPa) 
gauge 
6 f-75°C Oxygen bomb, 168 hrs. a t  80°C 50 
{142-167°F) (176°F) and 300 PSI (2.07 MPa) 
gauge; and a i r  bomb, 20 h r s ,  at 
1 2 7 O C  (260°F) in a tlnosplleric 
7 6-90 "C Air c irculat ing  convect ion 
(169-194OF) oven, 168 hrs, a t  121°C 
(250°F) 
91-105°C Air ci rcula t inng convect ion 
(196-221°F) oven, 168 hrs. at 136OC 
(27 7 O F )  
Above 105OC 20 degrees C, greater than 
(22 1 OF) use temperature i n  c irculat ing  
convection oven, 168 hru. 
expoeur e 
a Determined by the S ttlndard Method for Ruhher Property Duro~ne t e r  
Hardness, ASRi D-2240. 
34. Solar Radiation Weathering 
34.1 One complete module or  specimen samptes o f  material represen- 
tative of that used i n  the module are to  be used for t h i s  test. Plastic 
specimen s i z e  and configuration is to b e  as specified i n  the  Standard 
for Polymeric Material - Short Term Property Evaluation (Ut 7 4 6 A ) .  Steel  
specimens with an organic coating s y s t e a  are to  be 4 by 12 inch (102 by 
305 mrn) with the cut edges protected w i t h  paint ,  wax or other e f f e c t i v e  
medi urn, 
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34.2 The specimens a r e  t o  be exposed t o  u l t r a v i o l e t  l i g h t  Ertnn two 
e n c l o s e d  carbon arcs Eormed betwen vertical e l e c t r o d e s ,  0 .5  i n c h  (12.5 
mm) d i a m e t e r ,  l oca t ed  at t h e  c e n t e r  of a r e v o l v e a b l e  v e r t l c a l  mete l  
c y l i n d e r  31 inch  (0.79 meter) i n  diameter and  17.75 i n c h  (0.45 meter) 
high .  The a r c s  a re  t o  o p e r a t e  w i t h  approxirnate ly  15 t o  17 amperes and 
the p o t e n t i a l  acroRs t h e  a r c s  is  t o  be approx imate ly  120 t o  145 v o l t s ,  
50 t o  60 tlz. Each arc is to be enc losed  by a clear globe of h e a t  
r e s i s t a n t  o p t i c a l  glass (9200-PX Pyrex glass o r  I t s  e q u i v a l e n t )  tha t  Is 
opaque a t  wave l e n g t h s  $110 r t e r  t h a n  2 ,7  50 angs tran u n i t s  and whose 
t r a n s m i t t a n c e  i s  a t  least 9 1  p e r c e n t  a t  3700 angs t rom u n i t s .  
34.3 The c y l i n d e r  i s  t o  be r o t a t e d  about t h e  arc3 a t  one r e v o l u t i o n  
p e r  minute and a sys tem oE n o z z l e s  i s  t o  he providcd e o  t h a t  each 
specimen is  sprayed ,  i n  t u r n ,  w i t 1 1  w a t e r  as t h e  cylinder revo lves .  T h e  
t empera tu re  cl2thin the c y l i n d e r  w h i l e  t h e  a p p a r a t u s  is  i n  o p e r a t i o n  Is 
to be approx i~nace ly  60 C (140 F). 
3 4 . 4  The specimens are  t o  be mounted v e r t i c a l l y  on the i n s i d e  of 
t h e  c y l i n d e r  wLth t h e  w i d t h  oE t h e  spectlnens f a c i n g  t h e  a rcs ,  and  so 
t h a t  they do n o t  touch  each o t h e r .  
34.5 During each o p e r a t i n g  cycle of t h e  a p p a r a t u s  (20 minu tes ) ,  t h e  
specinens a r e  t o  be  exposed o n l y  t o  l i g h t  Ervm the carbon  arcs Eor 17 
minutes ,  a n d  to water s p r a y  w i th  u l t r a v i o l e t  l i g h t  Eor 3 mfnutea. T e s t s  
on o r g a n i c a l l y  c o a t e d  steel specimens  a r e  t o  continue until they have 
bean exposed t o  u l t r a v i o l e t  light a l o n e  f o r  a t o t a l  06 306 hours  and 
u l t r a v i o l e t  l i g h t  and  water For a t o t a l  of 54 h o u r s  (360 hours t o t a l ) .  
Tests on p l a s t i c  samples  are t o  c o n t i n u e  u n t i l  they have been  exposed  t o  
u l t r a v i o l e t  light alone f o r  612 h o u r s  and u l t r a v i o l e t  l l g l ~ t  and water 
Eoc 108 hou r s  (720 h o u r s  t o t a l )  , After  the t e s t  exposure ,  t h e  samples 
are t o  be removed €ram t h e  t e s t  a p p a r a t u s  and r e t a i n e d  under  c o n d i t t o n a  
of ambient  roan temperature f o r  n o t  less than  16 nor more t h a n  96 tlours 
before being s u b J e c t e d  to the comparison criteria ment ioned  below. 
34.6 For o r g a n i c a l l y  c o a t e d  steel samples ,  there s h a l l  be  no 
s e p a r a t i o n  of the organic coat ing  and no c o r r o s i o n  of t i le  u n d e r l y i n g  
metal. 
34.7 Fry  p l a s t i c  samples ,  the f l a m m a b i l i t y  classification of t h e  
material shall n o t  be  reduced and the p h y s i c a l  p roper ty  v a l u e s  s h a l l  nnt 
be less than 70 p e r c e n t  of the uncond i t ioned  values as determined hy t h e  
small s c a l e  p h y s i c a l  tests as d e s c r i b e d  in t h e  S tandard  Eor Polymeric  
M a t e r i a l s  - S h o r t  Term Proper ty  Evaluations (UL 7468). The fo l lowing  
p r o p e r t i e s  a re  LO h e  i n c l u d e d  i n  the e v a l u a t i o n .  
A. T e n s i l e  s t r e n g t h .  
5 .  Flexural strength, 
. Impact. 
D .  Flammability as described i n  t h e  S tandard ,  Tests for Flamm- 
a b i l i t y  of P l a s t i c  Materials f o r  Parts in Devices and Appliances 
(UL 9 4 ) .  
35. Temperature Cycling 
35.1 A module o r  pane l  s h a l l  be subjected t o  100 cycles oE tempera- 
ture change as descr ibed  i n  paragraphs 35.2-35.5; and 
I A. The t e s t  s h a l l  no t  result in :  
1, Loss of c i r c u i t  c o n t i n u i t y .  ' 
2, Accessib i l i r y  of l i ve  parts tha t '  nay i nvo lve  a r i s k  of : 
electric  shock, inc luding  a r e d u c t i o n  i n  the r e s i s t a n c e  ' * ' 
between l i v e  and accessible p a r t s  such t h a t  t h e  module o r  
panel would no t  cmply w i t h  d c  Leakage Current Requirements,  
Section 2 1. 
3 .  Delamination or separation of p a r t s .  
4 .  D e t e r i o r a t i o n  of insulat ion below acceptable :valu&. 
5. R e d u c t i o n i n  thickne8s  of a ~ c . n m e t a l l i c  wiring c m p a r t -  
wnt wall below acceptab le  va lues .  
6 .  Reduction i n  volume of a nonmeta l l ic  w i r ing  compartment 
below accep tab le  va lues ,  o r  I 
7 .  CreaCion of a gap greater than 1/16 inch ( 1 . 6  mm) o r  a n  
i n c r e a s e  of 1/16 inch (1.6 mm) o r  more i n  an existing opening 
between nome t a i  Lic wir ing  compartment walls and t h e  cover, 
and 
B , The modale o r  panel s h a l l  comply with: 
I .  The d i e l e c t r i c  vo l t age  withstand t e s t  i n  Section 25,  
immediately fol lowing the l a s t  excurs ion  t o  90°C ( o r  -40°C as  
appropriate) and also a t  room tempera ture .  
35.2 Three samples of a module o r  pane l  are' t o  be placed i n  a 
circulat ing air chamber, the temperature of which can be varied and 
controlled, Leads are t o  be connected t o  t he  t e rmina l s ,  and frame where 
necessary, of the samples, t o  allow f o r  a continuous individual detec- 
t i o n  of l o s s  of c i r c u i t  con t inu i ty ;  and l o s s  'of res is tance  between the 
e l e c t r i c a l  c i r c u i t  and a c c e s s i b l e  met a1 . 
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35.3 The samples are t o  be mounted i n  a test  frame t h a t  slmulatsrr 
t h e  suppor t  r i g i d i t y  and  d i f f e r e n t i a l  thermal expansion likely t o  occur 
i n  s e r v i c e  between t h e  product and i t s  s u p p o r t  s t r u c t u r e .  
3 5 . b  Each cycle is t o  c o n s i s t  of a t r a n s i t i o n  from 2 5 O C  t o  -40°C, a 
dwell  a t  -40°C for 30 minutes o r  u n t i l  t h e  module or panel a t t a i n s  a 
tempera ture  within 2°C of t h e  chamber temperature, whichever is longer ,  
a transition from -40°C t o  90°C, a dwel l  a t  90°C for 30 minutes  o r  u n t i l  
t h e  module o r  panel a t t a i n s  a tempera ture  w i t h i n  2'C of t h e  chamber 
tempera ture ,  whichever is  longer, and a t r a n s i t i o n  Prom 90°C t o  2 5 ' ~ .  
A l t e r n a t e l y ,  t h e  tempera tures  may be f nrerchanged s o  t h a t  t h e  90'~ dwell 
i s  achieved f i r s t ,  followed by t h e  -40°C dwell. Where the 25°C tempera- 
ture is t h e  start or end of the 100 cycles, any nominal room t empera ture  
in t h e  range of 1 5 - 3 5 ' ~  may be used .  For a l l  t r a n s i t i o n s ,  t h e  instan- 
taneous r a t e  of tempera ture  change wfth respect t o  time s h a l l  be 
55°C/hour. A l l  t empera tures  and tempera ture  dwell times refer to 
:chamber temperatures. A temperature vs time p r o f i l e  assuming 30 minute 
dwel l  times i a  desc r ibed  i n  Figure 35.1. 
35.5 The dew point of the chamber a i r  i s  t o  be between 9 and 1 5 O C ,  
except: t h a t  when the chmber a i r  t q g e r a t u r e  is below this value the  dew 
point is  t o  be  t h e  chamber temperature.  
a 
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36, Humidity 
36.1 A module o r  pane l  s h a l l  be  subjec ted  t o  10 cyc le s  of humidity- 
freezing a s  descr ibed  i n  paragraphs 36.2-36.6 ; and 
A. The t e s t  s h a l l  not  r e s u l t  i n :  
1. Loss of circuit c o n t i n u i t y .  
2 .  A c c e s s i b i l i t y  of l i v e  par ts  t h a t  may invo lve  a r i s k  of 
e l e c t r i c  shock, i nc lud ing  a r educ t ion  i n  t h e  r e s i s t a n c e  
between l i v e  and accessible p a r t s  sucll t h a t  t h e  module o r  
panel  would  not  comply w i t h  t h e  Leakage ,Curren t  Kequirements, 
Sec t ion  2 1 .  
. . 
3 ,  Delamination o r  separation ,if p a r t s ,  
4.  D e t e r i o r a t i o n  of i n s u l a t i o n  below accept  able  values. 
5 .  Corrosion of metal  p a r t s .  
6 .  R e d u c t i o n i n  t h i c h e s s  of a n o n m e t a l l i c  wi r ing  compart- 
ment wall below acceptab le  va lues .  
7 .  Reduction i n  volume of a  nonmeta l l ic  wi r ing  compar tmnt  
below acceptab le  values, o r  
8.  Crea t ion  of a gap g r e a t e r  t han  1/16 inch (1.6 mm) o r  a n  
i n c r e a s e  of 1/16 inch  ( 1 . 6  mm) o r  more i n  an e x i s t i n g  opening 
between nonmetal l ic  w i r i n g  compartment wa l l s  and the cover ,  
and 
B ,  Themodule o r  panel s h a l l  fcnnply with: 
1, The d i e l e c t r i c  voltage withstand t e s t  i n  Section 25. 
36.2 Three samples of a module or panel  are to be placed in a 
chamber, the humidity and t empera ture  of which can be va r t ed  .'and 
c o n t r o l l e d .  Leads a r e  t o  be connected to t h e  t e rmina l s ,  and frame where 
necessary, of the samples,  t o  a l low f o r  a cont incous i n d i v i d u a l  
detect ion  of l o s s  of c i r c u i t  c o n t i n u i t y ;  and l o s s  of r e s i s t a n c e  between 
t h e  electr l c a l  c i r c u i t  and access  i b  le met a1  . 
36.3  The samples a r e  t o  be mounted i n  a t e s t  frame t h a t  s i m u l a t e s  
t h e  support  r i g i d i t y  and d i f f e r e n t i a l  thermal. expansion l i k e l y  t o  o c c u r  
In service between t h e  product and its s u p p o r t  s t r u c t u r e .  
3 6 . 4  The r e s t  apparatus and arrangement of samples is t o  be such 
t h a t  drfpping of condensate on a sample is prevented,  Terminations a r e  
to be  afforded t h e  least degree of p r o t e c t i o n  a g a i n s t  condensation of 
water as they would b e  i n  any intended i n s t a l l a t i o n  of t h e  product.  
36.5 Each cyc le  i s  t o  c o n s i s t  of a t r a n s i t i o n  from 2S°C to  8S°C, a 
dwell a t  85°C f o r  20 hours a t r a n s i t i o n  from 85'C t o  -40°C, a dwell a t  
-40°C f o r  30 minutes, and a t r a & i t i o n  from -40°C t o  25'C. Where t h e  
25°C  temperature is the s tart  o r  end of t h e  10 cycles, any nominal roam 
temperature i n  the range 15-30°C may be used. For a l l  t r a n s i t i o n s ,  the 
ins tantaneous  rqte of temperature change with respect t o  time shall be 
55"C/hour, All temperatures and temperature dwell times refer to 
chamber temperatures. A t y p i c a l  temperature vs time prof $le 28 dca- 
c r ibed  i n  Figure  35.1. 
36.6 The humidity of the chamber air when t h e  chamber air tempera- 
t u r e  is 85'C i s  t o  be 85% R.H. During a l l  temperature t r a n s i t i o n s  t h e  
chamber a i r  i s  t o  be isolated from the outside a i r  (no make-up air) to 
a1 l o w  condensing water vapor t o  freeze i n  t h e  module o r  panel .  
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37.  Water Absa rp t i o n  and Exposure 
Water Absorpt ion 
37.1 Systens  oE polymeric m a t e r i a l s  oE a moclulc o r  panel Func- 
t i o n i n g  a s  e l e c t r i c a l  i n s u l a t i o n  o r  as a b a r r i e r  agairw t c o n t a c t  wl t h  
pa r t s  i n v o l v i n g  a risk oE e l e c t r i c  shock s h a l l  he tester1 as dt?scrLf~cd i n  
pa ragraph  37.2, and when so t e s t e d  s h a l l  not i n c r o a ~ e  i n  weight  b y  tmte 
t h a n  2 p e r c e n t ,  nor show any l i n e a r  dimension change,  . including tlrl.ck- 
ness, of rmre than 2 p e r c e n t ,  
3 7 . 2  Three specimens of t h e  syt; tun ,  each 1 inch (25  mm) by 3 iucl ies  
(76 mm) and hav ing  a t h i c k n e s s  equal t o  tlie minimu~n t h  irknesr;  used, arc! 
t o  be d r i e d  i n  a ca lc ium cl~laride  d e s i c c a t o r  f o r  24 hours, AE t e r  I ~ r i n g  
d r i e d  t h e  dimensions and weight oE t h e  epecimene a rc  t o  hc  accurat eZy 
de te rmined .  The specimens a r e  then  t o  b e  immersed f o r  24 hours  tn 
d i s t i l l e d  water  ma in ta ined  a t  a t e m p ~ r a t u r e  of 23kZ°C (7324OF). 
Fol lowing removal from t h e  w a t e r ,  t h e  samples are  t o  he  wiped dry  and 
tile change i n  t h e  dimensions and weight a r e  t o  h e  dettr nnined , Tliv 
p e r c e n t a g e  oE change i s  t l ten t o  he dcternriucrl I n  accordance  wftli t h e  
method for  lnensuring wa te r  a b s o r p t i o n  of p o l y ~ n e r i c  t a t e r i a l ~  i n  tllc: 
S tandard  f o r  Polymeric M a t e r i a l s  - S h o r t  Term P r a l l o r t y  E v o l u n t i o m ,  
UL 746A. 
Water Exposu ro 
37.3 Systems of polymeric  m a t e r i a l s  of o rnodu1.e o r  pane l  
f u n c t i o n i n g  a s  i n s u l a t i o n  o r  as a h a r r i e r  a g a i n s t  c o n t a c t  wl th  p a r t s  
i n v o l v i n g  a risk oE e l e c t r i c  shoclc hazard s h a l t  be tested as described 
i n  paragraph 37.4,  and e E t e r  b e i n g  s o  t e s t e d  s l ~ a l l  lnvc a High-Current 
arc ignition i r ~ d e ~ ,  Comparative Track tndex, a n d  1' Lame C l a s s  i f  i c a t i o n  as 
s p e c i f i e d  i n  paragraph 6.1. 
37 .4  The property v a l u e s  f o r  t h e  m a t e r i a l  mentioned i n  paragraph 
3 7 . 3  are  t o  be determined as  described i t r  t h e  Str~ndard f o r  P o l y ~ w r i c  
Materials - S11ort Term Proper ty  Evaluat ions ,  UL 746A, and t l ~ t ?  S t a n d a r d  
f o r  Tests for FSammahil.ity of Plast LC M a t e r i a l s  Eor Parts i n  Devices  rind 
Appliances, Ut 94,  as  a p p r o p r i a t e ,  A d d i t i o n a l  samples  1 i n c h  (25 mm) by 
3 i n c h e s  (76 mm) with a t h i c k n e s s  equal t o  the minirnt~rn t h  Lckncss used 
a r e  t o  be immersed i n  d i s t i l l e d  w a t e r  a t  82.0*1.O0C (180.021.8"F) f o r  7 
days, A complete change of wa te r  is  t o  be made on each oE t h e  f i r s t  5 
days. Fol lowir~g t h e  immersions, t h e  specimens a r e  t o  he condf t ionod in 
a i r  a t  23.0f2.0°C (73 .423 .6OF)  and S o t 5  percent r e l a t i v e  humidi ty  Eor 2 
weeks. Followirlg t h i s  c o n d i t i o n i n g ,  t h e  amnples are t o  be  subjec ted  t o  
the tests f o r  High-Current a r c  i g n i t i o n ,  Comparative T r a c k  Index, and 
Flame C l a s s i f i c a t i o n ,  
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3 8 .  Corrosive Atmosphere 
S a1 t Spray T e s t  
38 .1  One c m p l e t e  sample of t h e  module o r  specimen samples of 
m a t e r i a l s  r e p r e s e n t a t i v e  of that used i n  t h e  module are t o  be subjected 
t o  t h i s  t e s t .  
38.2 The appara tus  f o r  s a l t  spray t e s t i n g  c o n a i s r s  @E. ,a  chamber 
wi th  i n s i d e  measurements of 48 by 30 by 36 inches  (1.22 by .0,76 by 0.91 
meter)  or l a r g e r  if requi red ;  a  s a l t  s o l u t i o n  r e s e ~ o i r ;  'a.supply of 
condi t ioned  compressed a i r ;  one d i s p e r s i o n  tower cons t ruc t ed  i n  
accordance with AS24 d e s i g n a t i o n  B117~1973, f o r  p r ~ d u c f n g  a sal t  fog;  
specimen supports ; p r o v i s i o n  f o r  h e a t i n g a t h e  chadnber; and necessary 
means of c o n t r o l .  
3 8 . 3  The d i s p e r s i o n  tower f o r  producing t h e  salt  .s'pray i s  t o  be 
loca t ed  i n  t h e  c e n t e r  of t h e  c h m b e r  and i s  t o  be '  supp l i ed  with humi- 
d i f i e d  a i r  a t  a gauge p r e s s u r e  of 17 t o  19 pounds per squa re  inch  (117 
t o  131 k i l o p a s c a l s )  s o  t h a t  the  s o l u t i o n  i s  a s p i r a t e d  as a Pine mls t o r  
fog i n t o  t h e  interior of t h e  chamber. 
38.4  The s a l t  s o l u t i o n  i s  t o  congis  t of 5 p e r c e n t  by weigllt of 
cornmoil s a l t  (sodium ch lo r ide )  i n  d i s t i l l e d  water , :  The pH v a l u e  of t h e  
c o l l e c t e d  s o l u t i o n  is  t o  be between 6.5 and  7.2 and have  a s p e c i E i c  
gravity be tween '1.026 and 1,040 a t  95 F (35 C) ,' The temperature of t h e  
chamber i s  t o  be maintained wi th in  t h e  , range of 92 t o  97 F (33 C t o  ' 
36 C)  throughout t h e  t e s t ,  
3 8 . 5  The r e s t  sample is  t o  be supported bn  p l a s t i c  racks a r  an 
a n g l e  of 15 degrees  from the v e r t i c a l .  
38.6 Drops of s o l u t i o n  which accumulate on the c e i l i n g  o r  cover of 
t h e  chamber are t o  be d i v e r t e d  from dropping  on the  specimen and d r o p s  
of s o l u t i o n  which f a l l  Eran the specimens a r e  no t  t o  be r e c i r c u l a t e d ,  
but are t o  b e  removed b y  a d r a i n  loca ted  i n  t h e  bottom of t h e  appa ra tus ,  
38.7 Reference specimens, 4 by 12 inches  (102 by 305 am) of commer- 
c i a l  z inc  coa t ed  s h e e t  s t e e l  a r e  used f o r  comparison, The s $ e c i m n s  are 
s e l e c t e d  t o  be r e p r e s e n t a t i v e  oE t h e  minfmum acceptable amount oE z i n c  
c o a t i n g  under requirements  For G90 o r  G6O coating d e s i g n a t i o n  (as 
a p p l i c a b l e ,  s e e  S e c t i o n  13) as determined by t e s t  using ASTM Elethud 
A90-73, "Test f o r  t h e  Weight *of Coating on  Zinc Coated Iron o r  Steel 
Art ic les ' '  . Such z i n c  coa t ings  are considered as provid ing  accep t ab le  
c o r r o s i o n  p r o t e c t i o n  ,' 
38.8 The zinc coa ted ' r e f e rence  specimens are cleaned w i t h  soap and 
water, r in sed  with e t h y l  alcohol,  and e t h y l  e t h e r ,  d r i e d  and the  c u t  
edges p ro t ec t ed  with p a i n t ,  wax o r  o t h e r  ef Eective medium b e f o r e  be ing  
placed i n  the s a l t  spr'ay chamber. 
3 8 . 9  Both t h e  r e f e r e n c e  specimen and the samples under t ~ s t  are t o  
be s c r i b e d  with a s i n g l e  groove, approximr-"qly 6 inches  (152 mm) long t o  
expose the underlying s t e e l .  
38 ,  LO The t e s t  is t o  continue u n t t l  the  c o a t i n g  on the t e s t  samples 
o r  r e f e r e n c e  samples a r e  brolcen down and c o r r o s i o n  products are Eormed 
on t h e  underlying eteel ,  
38,ll The c o r r o s i o n  products  formed a n  t h e  test sample shall be no 
nrore than t h a t  formed on the reference sample  a s  determined by v i s u a l  
obse rva t ion ,  Corros ion  in t h e  s c r i b e d  l i n e  area i s  judged by the spread 
oE corros ion from the sc r ibed  l i n e ,  
Moist Carbon ~ i o x i d e / S u l p h u r  Dioxide: 
38.12 One complete  sample  'of the module o r  specimin samples of 
m a t e r i a l s  r e p r e s e n t a t i v e  oE t h a t  used i n  the module are t o  be subjec ted  
t o  t h i s  test .  
38.13 A chamber measuring 48 by 30 by 36 inches (1 .22  by 0,76 by 
0.91 meter) o r  l a r g e r  i f  r equ i r ed ,  having  a water j a cke t  and thermo- 
s t a t i c a l l y  c o n t r o l l e d  heater i n  o r d e r  t o  ma in t a in  a tempera ture  of 95 i 
3 F (35 2 1.7 C) is to be used, 
38.14 Sulphur dioxide and carbon dioxide are to be suppl ied  to the 
t e s t  chamber from commercial c y l i n d e r s  conta in ing  these gases under  
p r e s s u r e .  An amount oE sulphur dioxide  e q u i v a l e n t  t o  1 percent of t h e  
volume of t h e  t e s t  chamber and a n  equal volume of carbon dioxide are  t o  
be in t roduced  i n t o  the chamber each day, Pr ior  t o  i n t roduc ing  t h e  new 
charge of gas each day, t h e  remaining gas from t h e  previous day is  to he 
purged from the chamber. A small amount oE water  is maintained a t  El~e 
bottom o f  the cl~smber f o r  humidity. The samplee are to be supported on 
p l a s t i c  racks a t  an a n g l e  of 15 deg rees  Ercnn t h e  v e r t i c a l .  
38.15 Reference specimns 4 by 12 inches  (102 by 305 mm) of  commer- 
c i a l  zinc coated s h e e t  s t e e l  are wed f o r  comparison, The specimens are 
s e l e c t e d  t o  be represen ta t ive  of t h e  minimum a c c e p t a b l e  amount of z i n c  
c o a t i n g  under requi rements  f o r  G90 or  G6O coa t ing  d e s i g n a t i o n  (as 
a p p l i c a b l e ,  see Section 13) a s  determined by tests using AS34 Method 
A90-73. Such z i n c  coa t ings  a r e  considered as  providing accep t a b l e  
c o r r o s i o n  p r o t e c t i o n .  
38.16 The zinc coated specimens are cleaned w i t h  soap and water ,  
rinsed with e t h y l  alcohol and e t h y l  ether, d r i e d ,  and the cut edges 
p r o t e c t e d  wi th  p a i n t ,  wax o r  o r l~er  e f f e c t i v e  media before being placed 
i n  the chamber. 
38.17 Both the r e f e r e n c e  s p e c h e n  and s e c t i o n s  of t h e  module being 
t e s t e d  are t o  be s c r i b e d  with a s i n g l e  groove, approxinntely 6 inches 
(152 mm) long t o  expose the underlyiilg s t e e l .  
38.18 The test is  t o  cont inue  u n t t l  t h e  coa t ing  on t h e  module o r  
r e f e r e n c e  specimen i s  broken down and c o r r o s i o n  products  are Eormed on 
the underlying s t e e 1  . 
38.19 The c o r r o s i o n  products  formed on t h e  t e s t  sample s h a l l  be no 
mre than t h a t  formed on t h e  reference sample as determined by  v i s u a l  
obse rva t ion ,  Corros ion  i n  the sc r ibed  l i n e  a r e a  is  t o  be judged by tho 
spread of c o r r o s i o n  from t h e  sc r ibed  l i n e s .  
3 9 .  M e t a l l i c  Coating Thickness  
3 9 . 1  The method of determining t h e  t h i c k n e s s  of a z i n c  o r  cadmium 
c o a t i n g  mentioned i n  paragraphs 13.1 and 13.2 is  descr ibed  i n  paragraphs 
39.2-39.9. 
39.2 The s o l u t i o n  i o  be used f o r  t h e  m e t a l l i c  coa t ing  th i ckness  
t e s t  is  t o  be made Prom d i s t i l l e d  water and is  t o  c o n t a i n  200 grams per 
liter of reagent ( o r  b e t t e r )  grade chromium t r i o x i d e  (C  0 ) and 50 grams 
pe r  l i t e r  of r e a g e n t  ( o r  b e t t e r )  grade concen t r a t ed  sul6hari.c a c i d  
(H SO ). (The l a t t e r  i s  equ iva l en t  t o  27 m i l l i l i t e r s  p e r  l i t e r  of 
re2agebt grade cancenrra ted  su lphur i c  a c i d ,  s p e c i f i c  g r a v i t y  1.84, 
con ta in ing  96 pe rcen t  of 112S04 .) 
39.3 The test  s o l u t i o n  i s  t o  be contained i n  a  g l a s s  v e s s e l  such a s  
a  s e p a r a t o r y  funnel  with t h e  o u t l e t  equipped with a s topcock  and a 
c a p i l l a r y  tube of approximately 0.025 inch (0.64 mm) i n s i d e  bo re  and 5.5 
inches (150 mm) long, The lower end of t h e  c a p i l l a r y  tube  i s  t o  be 
tapered  t o  form a t i p ,  t h e  drops from which a r e  about 0.05 m i l l i l i t e r  
each, To preserve  a n  e f f e c t i v e l y  cons t an t  l e v e l ,  a smal l  g l a s s  tube  is  
i n s e r t e d  i n  t h e  top of t h e  funnel '  through a rubber  s t o p p e r  and its 
p o s i t i o n  is  t o  be  ad jus ted  s o  t h a t ,  w l ~ e n ' t b e  stopcoclc i s  open, the r a t e  
of dropping i s  100.t.5 drops per minute. I f '  d e s i r e d ,  a n  a d d i t i o n a l  
s topcock  may be used i n  p l ace  of t h e  g l a s s  tube  t o  c o n t r o l  t h e  r a t e  of 
dropping. 
39.4 The sample and t h e  t e s t  s o l u t i o n  a r e  t o  be  k e p t  i n  t h e  test  
room long enough t o  acquire t h e  temperature of the room, which should be 
noted and recorded.  The t e s t  i s  t o  be cahducted a t  a room temperature 
of 70.0-90.0°F (21 .2-32.0°C). 
39.5 Each s a m p l e  is  t o  be thoroughly cleaned b e f o r e  t e s t i n g .  ALL 
grease, lacquer, paint, o r  o t h e r  n o n m t a l l i c  c o a t i n g s ,  i nc lud ing  skin 
o i l s ,  are t o  be removed completely by means of so lven t s .  Samples a r e  
t h e n  t o  be thoroughly r i n s e d  i n  water and dried with  c l e a n  cheesec lo th .  
39.6 The sample t o  be t e s t e d  is  t o  be supported f r a n  0.7 t o  1 inch  
(17 t o  25 mm) below t h e  o r i f i c e ,  The s u r f a c e  t o  be t e s t e d  shall be 
i n c l i n e d  a t  approximately 45 degrees f rm  t h e  h o r i z o n t a l  s o  t h a t  t h e  
drops  of s o l u t i o n  s t r i k ~  the po in t  t o  be t e s t e d  and run oEE qu ick ly ,  
39.7 The stopcock i s  to  be opened and the t h e  i n  seconds is to  be 
masured until the dropping solut ion dissolves the pr~:ective mtal  
coating,  exposing the baee m e t a l ,  The end point is the f i r s t  appeaTance 
of the base metal recognizable b y  the change in color a t  that point ,  
33.9 Each sample of a t e s t  lot is to be subjected to the teat at 
three o r  more points ,  e x c l u d i n ~  c u t ,  s t e n c i l e d ,  and threaded surf aces, 
b n  the insfde surface and a t  an equal number of points on the outside 
surface, a t  places where the metal coating may b e  expected t o  be tho 
thinnest, (On enclosures made from precoated  sheets, the external. 
corners that  are subjected to the greatest deformation are l ike ly  to 
have t h i u  coa t ings . )  
39.9 To calculate the thickness of t h e  coating being tested, select 
from Tat le  39 .1  the thickness fac tor  appropriate For the temperature s t  
which the test was conducted and multiply by the  time 1.n seconds 
required t o  expose base metal a s  noted i n  paragraph 3 9 . 7 .  
40. Twist 
40.1 A module or panel shall be tested as described i n  paragraphs 
40.2 and 40 .3 ,  and the test shall. not result in: 
A. Loss of  bonding or current-carrying circuit continuity,  
B .  Short c i r c u i t i n g  of the  electrical circuit to accessible metal 
or between parts of the electrical c i rcu i t  not of the same potential ,  
as determined by a measurement of such resistance w i t h  a low 
volt age ohmmeter, 
C .  Delamination or separation of parts ,  or 
D. Accessibility of parts t h a t  may involve a r i s k  of electric 
shock, including leakage currents on exposed parts i n  excess of 
specified limits. 
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TABLE 90 .1  
COA'L'ZN~ THICKGIESS FACTORS 
--- - 
Thickness Factors 0.0000 1 1nc11e; 
Temperature, 
(0.00025 mm) per second 
Cadmium Zinc 
F 
-.I* 
oc - 
- .  
Platings Pla tin~s 
70 21.1 1.331 0.980 
7 1 21.7 1.340 0.990 
7 2 22,2 1,352 1,000 
73 22.8 1.362 1.010 
74 23,3 1.372 1 .O 15 
75 23.9 1.383 1,025 
76 24.4 1,395 1.033 
7 7 25.0 1,405 1.042 
7 5 25.6 1.4 16 1,050 
7 9 26.1 1,427 1.060 
8 0 26.7 1,438 1,070 
8 1 27.2 1.450 1.080 
82 27.8 1,460 1.085 
83 28.3 1.470 1.095 
84 28.9 1.480 1 109 
8 5 29.4 1.490 1,110 
86 30.0 1.50L 1.120 
87 30.6 1.513 1.130 
88 31.1  1,524 1,141 
8 9 31.7 1.534 1,150 
90 32.2 1.546 -- 1.160 
40.2 A module o r  panel is  LO be mounted as illustrated i n  Figure 
40.1. If the module or panel has f langes on t h e  four s i d e s ,  the  flanges 
on the  two s!iortat sides ate to be used for mounting. Leads ate to be 
connected to the terminals of t h e  module or panel t o  determine los s  of 
cont inui ty  or short  circuiting of any part af the e l e c t r i c a l  cf r c u i t  t o  
accessible met a1 . 
40.3 A f lexible  module restricted (by marking or mounting 
provision) t o  mounting in a prescribed frame i s  t o  b e  re s ted  while 
mounted i n  suc11 frame. 
40.4 With one of the  mounting surfaces held  fixed, the  other 
m u n t i n g  surface is t o  b e  moved i n  an arc t o  a t t a i n  a 20 mm/meter twist 
as measured along the  mounted side. The module or panel i s  t o  be 
mintained i n  t h i s  pos i t i on  for one minute and the  twist then released. 
The mist i s  then t o  be a p p l i e d  i n  t h e  reverse direction, held in  the 
reverse direc t ion  for one minute, and then re l eased .  
FIGURE 4 0 .  L 
MOUNTING FOR TWIST TEST 
Points A s  B, C ,  D are in a Plane; Point A' is out of Plane by the 
Amunt Shown 
4 1. Ho t-Spa t Endurance 
Gene r a1 
41.1 The c e l l s  of a module o r  panel  s h a l l  be subjec ted  t o  s imula ted  
r e v e r s e  vo l t age  ho t  s p o t  hea t ing  c o n d i t i o n s  f o r  a t o t a l  of 100 hour s ,  
i n t e r m i t t e n t l y ,  as deticribed i n  paragraphs 41.2-41.17. The t e s t  s h a l l  
not  r e s u l t  i n :  
A. delaminat ion of the  encapsulan ts ,  supe r s  t r a t e  and s u b s t r a t e  
t h a t  would r ende r  l i v e  p a r t s  acces s  Fble ,  
B, c e l l c r a c k i n g ,  
[Note: T h i s  c r i t e r i o n  i s  being considered Eor d e l e t i o n ,  ] 
C ,  melting of s o l d e r ,  o r  
D .  any o t h e r  i n d i c a t i o n  of a risk of fire o r  e l e c t r i c  shock. 
CCMIlENTARY: Thc i n t e n t  of t h i s  t e s t  i s  t o  determine t h e  a b i l i t y  
of t h e  module o r  pane l  t o  endure the  long term e f f e c t s  of 
p e r i o d i c  hot-spot  h e a t i n g  a s s o c i a t e d  with d e l i b e r a t e  o r  
uncont ro l led  Eaul t  cond i t i ons  such as a s h o r t  c i r c u i t  
d e l i b e r a t e l y  placed on  t h e  module f o r  s e r v i c i n g  o r  t o  
o therwise  d i s a b l e  t h e  a r r a y ,  cracked o r  nulsrna tched c e l l s ,  
o r  nonuniform i l l u m i n a t i o n  ( p a r t i a l  shadowing). Tho 
procedure f o r  conduct ing t h i s  tes t  inc ludes  a seriea of 
s t e p s ,  f i r s t  t o  s e l e c t  and ins t rument  a p p r o p r i a t e  c e l l s  
f o r  t e s t i i ~ g ,  t hen  tu J e t e n n i n e  the hot-spot  t e s t  levels, 
and last t o  conduct t h e  hot-spot  endurance t e s t ,  
F i e ld  exper ience  i n d i c a t e s  t h a t  p e r i o d i c  c i r c u i t  f a u l t s  
such a s  p a r t i a l  shadowing, and c rack ing  of c e l l s  may be 
e r j e c t e d  t o  occur even i n  h igh ly  r e l i a b l e  a r r ays .  Under 
t h e s e  f a u l t  cond i t i ons  i t  i s  d e s i r a b l e  to ensu re ,  t o  as  
reasonable a degree  as p o s s i b l e ,  t h a t  p o s s i b l e  ho t-spo t 
heat ing  due  t o  r e v e r s e  vo l t age  does n o t  cause  propagat ion  
of t h e  f a u l t  o r  a r i s k  of e l e c t r i c  shock o r  f i r e  hazards 
through such mechanisms as  s o l d e r  mel t ing  o r  encapsulan t  
d e t e r i o r a t i o n .  Hot-spo t hea t ing  i s  caused when ope ra t ing  
c u r r e n t  l e v e l s  exceed t h e  reduced s h o t  t - c i r c u i  t 
c a p a b i l i t y  of an  i n d i v i d u a l  c e l l  o r  group of cel is i n  a n  
a r r a y  c i r c u i t .  The reduced s h o r t - c i r c u i t  c u r r e n t  f a u l t  
cond i t i on  can be t h e  r e s u l t  of a v a r i e t y  of causes  
i nc lud ing  non-uni £0 m i l l u m i n a t i o n  ( l o c a l  shadowing) , 
i nd iv idua l  c e l l  degrada t ion  due t o  c racking  o r  soiling, 
o r  LOSS of a p o r t i o n  of s e r i e s - p a r a l l e l  c i r c u i t  due t o  
ind ivf  dual i n t e r connec t  opefi c i r c u i t s .  Under this 
c o n d i t i o n  power i s  d i s s i p a t e d  i n  t he  over-currented 
c e l l ( s )  a t  a level equal t o  t h e  product of t h e  c u r r e n t  
and t h e  reversed vo l t age  t h a t  develops across t h e  
c e l l ( s )  . This can h e a t  t h e  ce l l ( s )  t o  e l e v a t e d  
t anpe ra tu re s .  
Cell S e l e c t i o n  and Ins t rumen ta t ion  
COMMENTARY: The degree of hot-spo t h e a t l n g  w i t h i n  an aE fec ted  
cell i s  dependent upon a v a r i e t y  of c o n d i t i o n s  i n c l u d i n g  
the module e e r i e s - p a r a l l e l i n g ,  t h e  degree of o v e r a l l  
i l l u m i n a t i o n ,  t h e  degree of over-current  i n  t h e  a f fec ted  
c e l l ,  and the reverse-vol t  age f -V c h a r a c t e r i s t i c s  of t h e  
a f f e c t e d  cel l(s) , Because t h e  reverse-vol tage  I-V 
c h a r a c t e r i s t i c s  vary cons ide rab ly  from c e l l  t o  cell 
wi th in  a given module, i t  is necessary Zirst t o  determine 
t h e  dark  reverse-vol tage 1-V curve >or a r e p r e s e n t a t i v e  
sample of c e l l s  (at  l e a s t  10)  w i th in  the t e s t  module. 
This should  be done by  d i r e c t l y  accessing i n d i v i d u a l  
c e l l s .  
41.2 Th,e dark reverse vol tage  I-V curves f o r  a t  l e a s t  10 cells 
within t h e  module(s) o r  panel  a r e  t o  he  determined For reverse vo l t ages  
from 0 to  V o r  c u r r e n t s  from 0 t o  I whichever l i m i t  is  reached Eirst, 
where : L L' 
IL a ISC (short circuit c u r r e n t )  of an average cell a t  
100 rnw/cm2, BOCT. 
VL = N :x  V of a n  average cell a t  100 mIJ/cm2, NOCT. 
mP 
(V f s t h e  average maximum power vol tage .  ) ZP 
N = Nwnbet of series cells p e r  bypass diode a s  e i t h e r  ( I )  an 
in t eg ra l  pa r t  of the  module or panel,  or (2) a s  i s  
desc r ibed  f o r  use w i t h  t h e  module o r  panel  i n  marking 
a f f i x e d  t o  the module o r  pane l ;  whichever i s  less. (See 
paragraph  45.8) 
4 1 . 3  For the determination of paragraph 41.2, each ce l l  tested is 
t o  be provided with i n d i v i d u a l  p o s i t i v e  and negative e l e c t r i c a l  l eads ,  
t o  allow i t  t o  be accessed independent ly of o t h e r  cells, 
41.4 The reverse voltage I-V curves  from t h e  t e s t e d  ce l l s  are  t o  b e  
p l o t t e d .  T h e  cells are t o  be i d e n t i f i e d  a s  Type A (vo l t age  l imi t ed )  o r  
Type B ( c u r r e n t  l i m i t e d ) .  ( A  graph similar t o  Figure 4 1 . 1  should  be 
ob t ained . ) 
COMMEN'PARY: The cells of a module may bc rill voltage l t m i t c d  
(Type A ) ,  a l l  current limited (Type U), or a comh.inatiot~ 
of both,  In  general, tlie cells avsociatrxl with t l l i ~  
h ighest  hot-spot heating levels are tltose nit11 the 
highest  alrunt retristonce, although low ailunt resistance 
may be associated with h i g h l y  local ized h e a t i n g .  
41.5  Three non-ad jacent individual cells within the t o s  t modrile or 
panel are to be selected: otle representative of t l ~c  11igl:llcst shu~*tc 
resistance obtained , one representative of the averal:t?, and one 
representative OF the lowest, Each cell to be tested is to be provided 
wi tll individual  pos i t ive  and n e g a t i v e  e loc tr  ice1 leads  to a1 low t h e  
cells to  be connected indiv~ldually and d i r e c t l y  to scpi~rata  power 
s u p p l i e s .  Parallel current paths aroul~d the  cells tn be t e a t e d  arc to 
be eliminated by disrupting cell-to-cell connections a s  necessary. The 
lead attachment should  minimize disrup  tton of the heat transfer 
cl~tlracteriat ics of the cell or t h e  ho t-spot endurance o[: the e n c a p ~ u l o n t  
sys tem, 
Select Son of Hot-Spot Test Level 
COPX3NTARY: The objective OF this p o r t i o n  of the t es t  procedure 
is  t o  select  the Level of heating and the corresponding 
t e s t  con.dition t h a t  w i l l  stress the  module or  panel -Ln a 
manner similar to a severo hot - spo t  Field c o n d i t i o n ,  Thc 
severi ty  oE t,hc f i e l d  r a t l d t t i u n  wil I. depend an the array 
c i r c u i t  configuratton, the array I-V operating point, the 
ambient thermal condi  tions , the ovc ral  l i r r d  Lance l e v e l ,  
and the previously described c11i1racteri.r t ics oE the 
affected cells. When a module is ir~corporated l n t o  o 
pl~otovotta ic  source circuit ,  tlie maximum reverse voltage 
imposed on an tnd iv idunl  c e l l  can approach tlic system 
voltage unless b y p a e ~  diodes are properly u s e d .  V i H 
se t  to yield the maximum reverse volrage that  can kc 
a p p l i e d  across a single cell when the  nodule is a p p l i e d  
i n  a circuit with t l ie  mi~~tmum number of  I>ypnsa diodes as 
specified by its mrlcing. 
In the paragraphs below the d e t a i l e d  levels are 
separately spec i f i ed  Eor Type A and Type ll cells .  
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TYPE 0 
v 
CURRENT 
vl VOLTAGE 
Type A Cells (High Shunt Resistance) 
41.6 The governing parameters concerning reverse voltage heating 
are (1) the  maximum ce l l  reverse voltage (V ) ,  (2) the cell irradiance 
level ,  and (3) the ambient thermal envlconmbnt . 
41.7 V is t o  be set equal t o  N times the V of an individual L c e l l ,  where N is the number of aeries c e l l s  per 8 I e c i f i e d  o r  integral  
bypass  diode, 
41 .8  The irradiance level on the test c e l l  is then t o  be adjusted 
t o  ac9ieve  an I equal t o  the average cell maximum power current 3% 100 
mW/cm , NOCT. L 
COMMENTARY: The irradiance level d i r e c t l y  controls the hot-spot 
current level,  and therefore the power l eve l ,  As 
i l l u ~ t r a t e d  i n  Figure 4 1 . 2 ,  there is a unique irradiance 
level that corresponds t o  worst-case power dlssipa t i o n  
for any particular Type A photovoltoic c e l l ,  
41.9 The t o s  t i s  t o  be conducted i n  an ambient a i r  tempera ture  of 
20fS°C and with a r a d i a n t  h e a t i n g  sou rce  t h a t  w i l l  r e s u l t  i n  a  uniform 
background module c e l l  temperature equal  t o  NOCT +2'C. 
Type B C e l l s  (Low Shunt Res is tance)  
41.10 2 The i r r a d i a n c e  is  t o  be no t  more than  5 mW/cm , t h i s  l e v e l  
a1 lows f o r  room l i g h t i n g  and an  IR h e a t i n g  sou rce ,  and t h e  current (IL) 
is  to2be equal t o  the s h o r t - c i r c u i t  c u r r e n t  of an  average cell a t  100 
m~/crn , NOCT. 
COMMENTARY : The c e l l  shun t  r e s i s t a n c e  is  so low t h a t  t h e  maximum 
r e v e r s e  vo l t age  i s  set  by t h e  I-R drop a c r o s s  t h e  cell 
a s s o c i a t e d  wi, t h  t h e  avai lable  c u r r e n t  l e v e l ,  Wors r-case 
heaking occurs  when' t h e  t e s t  c e l l  i s  t o t a l l y  shadowed, 
and t h e  cu r r en t  l e v e l  f a  a t  a maximum, 
4 1.11 The t e s t  i s  t o  be conducted i n  a n  ambient a i r  tempera ture  of 
20f5OC with  a r a d i a n t  hea t ing  sou rce  t h a t  will r e s u l t  in a uniform 
background module c e l l  t empera ture  equal t o  NOCT k2'C. 
Tes t Execut ion 
COEIIIENTARY: Deta i led  s t e p s  f o r  execu t ion  of t h e  t e s t  involves  
s u b j e c t i n g  t h e  three s e l e c t e d  t e s t  c e l l s  t o  c y c l i c  ho t -  
s p o t  h e a t i n g  a t  t h e  l e v e l s  determined above f o r  a per iod  
of 100 hours t o t a l  on-t ime as follows: 
41.12 A c o n s t a n t  vo l tage  power supply  ( f o r  Type A c e l l s )  and a 
c o n s t a n t  c u r r e n t  power s u p p l y  ( f o r  Type 43 c e l l s )  is  t o  be connected t o  
t h e  cell under t e s t ,  with p o l a r i t y  arranked t o  d r i v e  t h e  cells with 
reverse vol tage .  The vol tage  and c u r r e n t  a r e  t o  be adjus ted  t o  t h e  
l i m i t s  of V and I va lues  de r e m i n e d  i n  paragraphs 41.6 and 4 1.10. L L 
41.13 A n  i n f r a - r ed  r a d ~ a n t ' h e a r t i n ~  sou rce  with a v i s i b l e  light 
c o n t r i b u t i o n  below 5 mW/cm i s  t o  b e ' a p p l i e d  t o  t h e  module o r  panel  and 
a d j u s t e d  t o  r e s u l t  i n  a uniform module cell t empera ture  equal  t o  NOCT 
k 2 ' ~ .  The ambient a i r  i s  t o  be s t i l l  ahd a t  a temperature of 20kS°C. 
41.14 For Type A c e l l s  o n l y ,  a n  a d d i t i o n a l  l i g h t  sou rce  i s  t o  be  
used t o  i l l u m i n a t e  each t e s t  c e l l  t o  t h e  l e v e l  determined i n  paragraph 
41.8 (F igure  41 .2 ) .  This i s  most e a s i l y  accomplished a E t e r  t h e  power 
supp ly  and I R  s o u r c e  a r e  turned on  by a d j u s t i n g  the i r r a d i a n c e  l e v e l  t o  
a c h i e v e  IL a f t e r  equi l ibr ium t e s t  cond i t fons  s t a b i l i z e .  
41.15 The power s u p p l y ,  IR source, a n d  irradiance sou rce  are t o  be  
energized f o r  one hour  followed by a n  of f-period s u f f i c i e n t  t o  a1 low t h e  
c e l l s  under t e s t  t o  cool  t o  within 10°C of t h e  ambient temperature,  
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41.16 The operation is t o  be repeated u n t i l  a total of 100 hcurs of 
on-t fme have been accumulated. 
ETGURE 4 1 . 2  
EFFJ3CT OF TEST-CELL ILLUMXNATION LEVEL ON HOT-SPOT 
POWER DISSIPATION 
41.17 The test cells and the adjacent areas of the encapsulation 
system are to  be  v i s u a l l y  inspected a t  24 hour intervals during the  test 
while the c e l l s  are under impressed voltage conditions and also upon 
crmplerion of the 100-hoar sequence. 
42. Arcing 
42.1 If the po lnr of (a) current  at maximum power and (b)  v o l t  age 
that can appear across a c e l l  or interconnect: fracture is in the  'ARC 
TESTf zone i n  Figure 42 .1 ,  the module or panel shall comply with  the 
provisions of #paragraphs 4 2 . 2 - 4 2 . 9 ,  In deter.mining the voltage, the 
value is t o  be the maximum t h a t  can be achieved considering the . 
specified use of bypass diodes, see paragraph 4 5 . 8 ,  
42.2 Under conditions of simulated c e l l  o r  interconnect Erac ture ,  
there s h a l l  be no i g n i t i o n  of t h e  module o r  panel. 
ble thod A 
42.3 S imi la r  modules o r  pane ls  under t e s t  are  t o  be connected i n  
a e r i e s  t o  achieve a n  open-c i rcu i t  vo l t age  a c r o s s  t h e  f r a c t u r e  equal t o  
tha t  which is  p r e s e n t  i n  t h e  normal use  of t h e  modules o r  panels w i t h  
t h e  specified bypass diodes. All t h e  nodules and panels  a t e  t o  be  
irradiated a t  80 rn~/cm minimum a t  20'-30°C, 
Method B 
4 2 . 4  A t  the manufac turer ' s  o p t i o n ,  a s i n g l e  module o r  panel can  be 
used with a separate power supply connected in s e r i e s  t o  provide t h e  
remainder of the sou rce .  
4 2.5  Tn r e f e r e n c e  t o  paragraph 42.4 ,  t h e  power s u p p l y  i s  t o  be a 
c o n s t a n t  vo l tage  aupply wLth a s e r i e s  connected c u r r e n t  l i m i t i n g  
resisfor. The module o r  panel under  test is to  be i r r a d i a t e d  a t  80 
rnW/cm miriimum a t  20'-30°C and the parameters of the t o t a l  system are  as 
f o l  rows : 
Open-Circuit Volt  age - hdjus  t ed  t o  t h a t  which i s  presen t  across t h e  
fracture i n  t h e  normal use of the modules o r  panels with t h e  s p e c i -  
f i e d  bypass diodes, 
i h o r t  C i r c u i t  Curren t  - Not less than  85 pe rcen t  nor more than  the  
rated module o r  p a n e l  short-circuit c u r r e n t ,  when sthe current 
limiting r e s i s t o r  is adjus ted  s o  t h a t  t h e  voltage a c r o s s  t h e  module 
o r  panel  under test i s  zero. 
Method A o r  B 
42.6 All blocking  and bypass  diodes, e i t h e r  included w i t h  the  
module o r  panel o r  descr ibed  i n  t h e  markings s h a l l  be included i n  the 
test c i r c u i t ,  
42.7 The system load i s  t o  be a s h o r t  c i r c u i t .  
42.8 Any connect ion(s )  w i th in  t h e  module o r  pane l  may b e  broken 
(fractured) . The breaks a r e  t o  be chosen t o  achieve  a worst  c a s e  condi- 
tion of maximum open c i r c u i t  v o l t a g e  and/or  maximum s h o r t  c i r c u i t  
c u r r e n t  a t  one of t h e  chosen break po in t s .  
Exception: Any e l e c t r i c a l  connec t ion  made with wire of c i r c u l a r  c r o s s  
s e c t  i o n  o r  flexible bra ided  cons truct ion  t h a t  i s  mechanically secured t o  
i t s  connect ion  points i s  not  t o  b e  broken. Braided o r  s t r a n d e d  wire 
shal l  not have any p roces s  performed on  i t  which reduces its f l e x i -  
b i l i t y .  Solder  c o a t i n g  of a portion of the  wire a t  t h e  connec t ion  
p o i n t s  is acceptab le .  

42.9 An a rc  is  t o  be drawn a c r o s s  t h e  breaktl, t h e  a r c  is t o  be 
across t h a t  material of t h e  module o r  pane l  ~ L t h  wl~icli i t  mig l~ t  c o n t a c t  
i n  t h e  use of t h e  module or panel .  The arcing shall be continued f o r  15 
minutes st each location t e s t e d ,  
4 3 ,  M e d ~ a n i c a l  Loading 
[To Be Developed] 
44. D e t a i l s  
44.1 The e l e c t r i c a l  r a t &  oE a module o r  panel s h a l l  i nc lude  t h e  
open c i r c u i t  and maximum output  power vo l t ages ,  t h e  s h o r t  c i r c u i t  a n d  
maximum output power c u r r e n t ,  the maximum power ou tpu t  at: NOCT, the 
m~ximu~n acceptable dys t em d i r e c t  v o l t  age, and t h e  maximum accept  able a c  
rms vo l t age ,  
MARKING 
45. D e t a i l s  
45.1 A module o r  panel s h a l l  have a p l a i n  l e g i b l e  marking t h a t  
inc ludes:  (1)  t h e  manufacturer 's  name, trademark, o r  o t h e r  d e s c r i p t i v e  
markf ng b y  which t h e  o rgan iza t ion  r e spons ib l e  Eo r the product  Can be 
i d e n t i f i e d ;  ( 2 )  t h e  model number o r  t h e  equ iva l en t ;  ( 3 )  t h e  e l e c t r i c a l  
rating; and ( 4 )  t h e  dare of manufacture which may be abbrevia ted  o r  i n  a 
n a t i o n a l l y  accepted convent ional  code o r  in a code af f i rmed by t h e  
manufacturer ,  that  w i l l  enable the module o r  panel  t o  be i d e n t i f i e d  as 
being mnuEactuted within a consecut ive  3 m n t h  p e r i o d ,  Ttems (1)  and 
(2) of t h e  marking s h a l l  be loca ted  s o  t ha t  they will b e  read i ly  v i s i b l e  
after t h e  module o r  panel h a s  been i n s t a l l e d  as in t ended .  
45.2  'L'he r e p e t i t i o n  time cycle of a d o t e  code s h a l l  not b e  less 
t h a n  10 yea r s .  
45.3 Sf a module o r  panel i s  manufactured a t  more than  one factory, 
it s h a l l  have a rnarlcing i n d i c a t i n g  its p a i n t  of: manufacture. 
45.4 If, dur ing  t h e  temperature t e s t ,  t h e  temperature on a Eield-  
i n s t a l l e d  lead o r  on  any p a r t  of the wiring compartment t h a t  t h e  lead 
might contac t  i s  more than  GO°C (l4O0F), the module o r  panel  s h a l l  h e  
marked wit11 one of t h e  s ta tements  i n d i c a t e d  i n  items (a) o r  (b)  below o r  
t h e  equiva len t .  The marking shall be  loca t ed  a t  o r  near t h e  p o i n t s  
where f i e l d  connections w i l l  be  made, and loca t ed  s o  t h a t  i t  will b e  
readily visible dur ing  i n s t a l l a t i o n .  
(a) "For field connect ions,  use No. 
-- 
AFJG w i r e s  i n s u l a t e d  f o r  
a minimum of 75'~" , 
(b) "For f i e l d  connections, use  No, AWG wires i n s u l a t e d  f o r  
a minimum of 90°Ctt.  
4 5 . 5  If t h e  p r e s s u r e  wire connectors  of  a module o r  pane l  are no t  
acceptable 'For use wi th  aluminum wire, or if t h e  module o r  pane l  
manufacturer i n t ends  tlre uoe of only  copper wire, t h e  module o r  panel  
s h a l l  bs marked, a t  or adjacent  t o  the t e r n d n a l s ,  w i t h  t h e  staterrent 
"Use copper 'wi re  only1', "CU onlytf o r  t h e  equ iva l en t .  T h i s  markking may 
be combined wit11 that requited by paragraph 45 .4 .  
45.6 I f  t h e  p r e s s u r e  wire connectors  oE a module o r  pane l  a re  
a c c e p t a b l e  Eor accommodating both copper and aluminum wire and if t h e  
manufacturer  in tends  such use, the  module o r  pane l  sha l l  be  marked 
( independen t  of any urarlcing of t h e  t e rmina l )  with t h e  s t a r e r n t  "Use 
a l u m i n m  o r  copper wireft, llAL-CU", o r  the equj-valent .  This marking may 
be roiabzned with t h a t  r equ i r ed  by  paragraph 45.4. 
[NOTE: Although requirements  covering means f o r  accmmoda t ing  
aluminum wire have been inc luded ,  such wir ing  rnethod may 
i n  fact be unaccep cable due 'lo t h e  po t e n t i a l  consump t i o n  
of t h e  aluminum conductors  or overhea t ing  of t h e  connec- 
t i o n s ,  Fu r the r  work appears  necessary i n  this regard i f  
aluminum wire  is  t o  be  cons idered  For acceptance. ] 
4 5 . 7  a Wiring t e n n i t ~ a l s  s h a l l  b e  marked t o  i n d i c a t e  the maximum 
number and o i z e  of conductors  t h a t  may b e  used. The marking shall be a t  
the  wire connector  if p r a c t i c a l ,  o r  i f  no t  p r a c t i c a l  i n  ano the r  v i s i b l e  
l o c a t i o n ,  such as n e x t  t o  the  t e rmina l  or on a wir ing  diagram, 
45.8 ' A module o r  panel  s h a l l  be marked r e l a t i v e  t o  (a) t h e  minimum 
acceptable diode bypassing, or (b )  shall be marked t o  make r e f e r e n c e  t o  
~nanufoc t u r e r ' s  L i t e r a t u r e  where in format ion  on d iode  bypassing can be 
found. I f  op.tion ( b )  i s  chosen, the nranufacturer s h a l l  prov id?  t h i s  
l i t e r a t u r e  g i t h  t h e  modules or panels .  
4 5 . 9  A module o r  pane l  s h a l l  be  marked r e l a t i v e  t c  t h e  maximum 
e l e c t r i c a l  r a t ing  of an acceptab le  s e r i e s  f u s e  ( f o r  p r o t e c t i o n  a g a i n s t  
backfe ed) . 
45.10 A module o r  panel s h a l l  be  marked r e l a t i v e  t o  i t s  E i r e  rating. 
A module o r  panel  shall be  marked "Not Fire Rated", u n l e s s  i t  complies 
with the requirements  f o r  fire ra t ing .  I f  a module o r  panel is f i r e  
rated and i E  i t s  use i s  s o  intended by  t h e  m n u f a c t u r e t ,  i t  s h a l l  be  
marked accord ingly ,  for example - "Modules mounted f r e e  standing 6 
inches above a Class B roof c o n s t i t u t e  a Class I: roof". 
45.11 A wiring camparbtent provided as  a part of a module o r  panel 
s h a l l  be marked i n d i c a t i n g  i ts  volume in c u b i c  i nches ,  Supplementary 
marking i n  o t h e r  units (e.g, - cub ic  cen t ime te r s )  i s  p e m i t t e d .  
45.12 A module provided as a pa r t  of a panel  s h a l l  be provided w i t h  
a l l  of t h e  markings which would be r equ i r ed  f o r  i t s  e x i s t e n c e  ae a 
s e p a r a t e  e n t i t y ,  
4 6 ,  I n s t a l l a t i o n  I n o t t u c t i o m  
46.1 I n s t a l l a t i o n  i n s t r u c t i o n s  s h a i l  be provided d e s c r i b i n g  t h e  
method of mechanical i n s t a l l a t i o n  of t h e  module o r  pane l .  D e t a i l  on t h e  
a c c e p t a b l e  accommodating s t c u c t u r e ,  spac ings ,  e t c .  shall be included f o r  
any module o r  pane l  provided w i t h ' a  Eire  r a t i n g .  Such d e t a i l  on t h e  
accep tab le  accommodating s t r u c t u r e  i s  o p t i o n a l  f o r  modules and panels  
n o t  f i r e  rated. 
46.2 The i n s t a l l a t i o n  i n s t r u c t i o n s  shall i nc lude  a s ta tement  
adv i s ing  t h a t  concent ra ted  s u n l i g h t  s h a l l  n o t  be d i r e c t e d  on t h e  module 
o r  panel .  
PRODUCTION LINE TESTS 
47 Factory  D i e l e c t r i c  Volt  age Withstand Tes t 
4 7 . 1  Each module o r  panel having a maximum acceptable system d i r e c t  
v o l t a g e  r a t i n g  of 30 v o l t s  o r  more s h a l l  wi ths tand  for one  minute 
wi thout  e l e c t r i c a l  breakdown a s  a r o u t i n e  product ion  l i n e  t e s t ,  t h e  
a p p l i c a t i o n  of a t e s t  p o t e n t i a l  between p a r t s  involv ing  a risk of 
e l e c t r i c  shock and acces s ib l e  metal p a r t s ,  The t e s t  per iod  may be  
reduced t o  one second i f  t h e  p o t e n t i a l  shown below i s  increased  t o  L20 
p e r c e n t  o f .  t h e  v a l u e  descr ibed .  
47.2 The t e s t  p o t e n t i a l  is  t o  be 2 V + 1,000 v dc ,  "V" is the 
r a t e d  maximum accep tab le  system d i r e c t  v o l t a g e .  
47.3 Tho t es t equipment is  t o  inc lude  a means of i n d i c a t i n g  t h e  
t e s t  vo l tage  t h a t  i s  being app l i ed  t o  t h e  product  under t e s t .  This may 
be accomplished by sensing t h e  vol tage  a t  t h e  t e s t  l eads  o r  by a n  
equ iva l en t  means, The t e s t  equipment i s  a l s o  t o  i nc lude  a means of 
eE fect i ve ly  i n d i c a t i n g  unacceptable  performance. The i n d i c a t i o n  is  t o  
be  (1) aud ib l e  i f  i t  can be  r e a d i l y  heard above t h e  background noise 
l e v e l ;  (2)  v i s u a l ,  i f  i t  canmands t h e  a t t e n t i o n  of t h e  ope ra to r ;  o r  (3 )  
a dev ice  t h a t  automatically r e j e c t s  a n  unacceptable  product .  If t h e  
i n d i c a t i o n  of unacceptable  performance i s  audibJe o r  v i s u a l ,  t h e  
i n d i c a t i o n  i s  t o  remain a c t i v e  and conspicuous u n t i l  t h e  t e s t  equipment 
is  manually r e s e t .  
47.4 When t h e  t e s t  equipment i s  ad jus t ed  t o  produce t h e  t e s t  
v o l t a g e  and a r e s i s t a n c e  of 1 megahm is  connected a c r o s s  t h e  o u t p u t ,  t h e  
t e s t  equipment i s  t o  i n d i c a t e  unaccep t a b l e  p e r f  onnance w i t h i n  0 . 5  
seconds ,  The t e s t  equipment i s  to  be cons idered  t o  have a n  accep tab le  
s e n s i t i v i t y  s e t t i n g  when a t e s t  r e s i s t o r  t h a t  h a s  any v a l u e  of 
r e s i s t a n c e  n o t  l e s s  than  1 megohm produces a n  i n d i c a t i o n  of unacceptable  
performance. 
4 7 . 5  The test  is  t o  be conducted when the module i s  complete and 
ready f o r  packing, or when it i s  complete except for  covers or other  
parts that  may interEere wid1 the performance of the t e s t ,  
4 8 ,  Continuity of Grounding Connection 
4 8 .  L Each module o r  panel  provided with a connection f o r  grounding 
a c c e s s i b l e  conductive parts  s h a l l  be subjected t o  a rout ine  production 
line t e s t  t o  demons t rate electrical cont inui ty  b e  tween the grounding 
connection and a1 t rccesa i b l e  conductive parts, 
48.2  Any appropriate ihdicat ing  device, ohmmeter, low vol tage  
battery and buzzer combination or  t h e  l i k e  may b e  employed f o r  the  test 
described i n  paragraph 4 8 . 1 .  
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the subject press against: a wooden dowel w i t 1 1  a'n end 
diameter of approximately 3.2 millimeters so as to move 
the  dowel and a scale attached to it. 
The measurements on the one llundrad men and one 
hundred women had k e n  completed before t h e  children's 
measurements were 'started. These a d u l t  subjec t s  werc 
employees of Underwfitcrs Laboratories, Xnc . who 
interrupted .  their working day to take  the test. The 100 
c h i l d r e n  were obtained from a variety of scurces. They 
were chosen- w i t h  t & n  i n  eac' age group from o n e  to ten 
years old. 
The t e s t ing  apparatus is p i c t u r e d  i n  Fiqure  3, 
which shows the hole board apparatus b e i n g  used by a 
s u b j e c t ,  and.' in Figure 2 which is a drawinq of the test 
apparatus.. The 1.6 millimeter thick p h e n o l i c  was backed 
by 6 . 4  niilimeter plywood and, in t h e  case of tha s l o t  
board, further stiffened w i t h  ribbing in order t h a t  
bending of the phenolic would n o t  be a s i g n ~ f i c a n t .  
factor. Thin  phenolic was chosen to simulate an 
enclosure and to  minimize t h e  problem of d e f i n i n u  t h e  
s tar t ing ,  or zero penetration position. For penctra tion 
measurements t h e  scale was set a t  zero w i t h  t l . 2  dowel 
tip 1 f 2  way through the  phenol ic  panel. The hole .or s lot  
in t h e  plywood was mnhe 3 to 12 millimeters i a rger  than * 
t h e  hole or slot in the  p h e n o l i c  so that t h e  plywood 
would not interfere w i t h  the subject's f i nge r  nor a f f e c t  
t h e  measurement . 
The subject was generally seated for the test, 
but he was invi ted to stand if he had difficulty in 
or ient ing  h i s  fingers so as to make contact  wi th  the 
dowel .  The subject  was encouraged to penetrate  as Ear 
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as possible, and to manipulate his Einqers L n  order to 
gain  entrance  through the holes and slots, without the 
use of excessive pressure, and without using fingernails 
to incrense penetrat ion.  Each hole and s lot  edqe was 
rounded ao t h a t  a sharp edc 2 wuuld not be a deterrent 
to aggressive penetration.  
SUBJECT INTERACTION WITH THE TEST 
In the case of holes, it was generally found t h a t  
t h e  l i t t l e  finger penetrated further  than the other 
fingers for  the smaller openings, but t h a t  the other 
fingers generally penetrated  further a t  l a r q e r  openings. 
Occasionally, an aggressive subject would need aid in 
releasing h i s  finger from a h o l e  after havinq gained 
entrance. 
Only one h o l e  was u t i l i z e d  at one t i m e .  The  
a u b j e c t  was directed to attempt his penetration a t  the 
smallest hole, and after h e  had produced the  maximum 
penetration w i t h  any E i n q e r  at t h a t  openinq, 11e was 
asked to move to the next larger openinq.  A f t e r  
completing the measurements w i t 1 1  the  holes,  t h e  s u h j ~ c t  
was asked to start a t  the smallest s l o t  and repaat the 
process. Any finger or c o m b ~ n a t i o n  of f inqers was used 
at the slots.  The observer recorded the maximum movement 
af t h e  scale a t  the part icular  opening and recorded 
whether or not j o i n t s  or knuckles had passed through 
t h e  openinq.  
If t h e  observer noted a decreased penetration 
w i t h  an increased opening size, the observer asked t h e  
subjec t  to try a l i t t l e  harder since he had already 
exceeded that p e n e t r a t i o n  a t  a smaller openinq. The 
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adults  complied with this request, but the children 
tended to lose interest, and rather t h a n  jeopardize t h e  
completion cf t h e  tost,  it was decided to encourage the 
ch i ldren  to produce conoistent resul ts ,  but not to 
stress the point.  For the children, ( 1 0  years of age 
and younger) the  data u t i l i z e d  i n  p l o t t i n g  the curves 
was the penetration at the particular hole or s lo t ,  or 
a t  any previous smaller Imle or s l o t  respectively. 
The children's data was tagged with t h e  age of 
the child so that  the d i s t r i b u t i o n  of penetrations with 
respect to children's age could be seen .  It will be 
recognized t h a t  t h e  one and two year old children 
represented a rather unique problem. Motivation for 
t h i s  age group was achieved by such means as  p l a c i n q  
a bear's head over t h e  tapered dowel, with the dowel 
forming the bear's nose, and by the use of small stuffed 
animals peeking t h r o u g h  the holes. E d i b l e  rewards and 
verbal encouragement helped. The child's mother 
generally aided by holding and straighteninq the child's 
f ingers s u f f i c i e n t l y  for  the measurement to be madc. 
There was a noticeable tendency for  the  younqer c l ~ i l ~ l r c ! n  
-to use the index finger in their exploration of the 
hofes and slots .  The other fingers were qenerally 
inserted w i t h  the child's mother di rec t inq  t h e  i n s e r t i o n .  
The slots, with their long dimensions vertical, 
were 127  mi l l imeters  high so a s  to accept all fingers at 
once. The subject was encouraged to try the fingers 
singly or in any combination, whichever produced t h e  
maximum penetration. Again, t h e  l i t t l e  f inger was found 
to be effective on the narrow slots. Many adults pushed 
all of their fingers and the palm of t h e i r  hand, w i t h  the 
exception of t h e  heel, through the  2 5 . 4  millimeter s l o t ,  
PRESENTATION OF DATA 
The original data was ranked far each group at 
each hole and s l o t  in order of increasing penetration.  
T h i s  means that the individual subject would probably 
change h i s  rank p o s i t i o n  a t  successive hole or slot  
openings. Portions of tliese tabulat ions  for the 
children's data are presented as Table 1, (Samples  of 
Children's Finger Penetration Data) .  Note t h a t  t h e  age 
of the child involved fo l lows  the penetration he 
obtained. Age 10 is i d e n t i f i e d  as " - 0 " .  Only t h e  
subjects  who achieved penetrations in the t o p  10 percent 
of' t h e  group ( for  the partieul.ar h o l e  or s lo t )  a r e  
presented here. The entire data from these  tab les  was 
then platted oa normal prokability paper at the center 
of 1 percent ce l l s ,  thus  the  subject  w i t h  rank N o .  1 
(minimum penetrrt ion)  was plotted a t  t h e  0.5 p e r c e n t i l e  
p o i n t ,  Several different vertical scales were u t i l i z e d  
in order to display  the information to b e s t  advantage. 
Samples of these p l o t s  are presented as Figure 3 
(Penetration of Children's Fingers Through Slots) and 
Figure 4 ( P e n e t r a t i o n  of Adul; Male F i n g e r s  Through '  
S l o t s ) .  
It would have h e n  '.leal to find t h a t  these 
plots produced straight l i n e s  on the normal p r o b a b i l i t y  
paper, which would have indicated a normal distribution 
of s u b j e c t  penetrations. It 'was  found however, that  t h e  
plots exhibited irregular  variations, and it was later 
determined that t h e s e  occurred especially at t h e  p o i n t s  
where finger joints first achieved a penetration through 
the hale or slot, In other words, once a j o i n t  passed 
through a ho le  or s l o t  the increase in pene t ra t ion  w a s  
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significantly greater  than  it w u l d  have been if the 
j o i n t  had n o t  passed: 
Data was'extracted from these percentile plots  
by drawing the most l i k e l y  curve and n o t i n g  the p o i n t  at 
which the curve crossed the percentile line of fntarest. 
We have chosen the'95 percentile po in t  for our probe 
development work, although any other percentile value 
could have been uspd. Figures 3 and 4 have a v e r t i c a l  
l i n e  at t h e  95 percantile p o i n t .  This i n f & m a t i o n  was 
then plotted for each s u b j e c t  group; men, women, and 
children, representing a penetration whicl~'.had been 
achieved by only 5% of the subjects tested in each group, 
and a penetration which had not been achiebed by 95% of 
the  subjects in each group. T h e s e  95 percentile p l o t  
p o i n t s  are shown in Figure 5 (Penetrations Unat ta inable  
by 95% of Each Group at Each 21ole) and Fj,qut-e 6 
(Penetrations Unattainable  by 95% of Each Group at Each 
Slot;. It w i l l  be noted t h a t  each s l o t  or hu'Le diameter 
is represented by three plot ':e~ values, a t r i a n g l e  for 
the men, a square .for the women, and a circle f!>r thc 
. " 
c h i l d r e n .  
In the case of c h i l d r e n ,  where necessary ,  the 
plo t ted  point was modified s l i g h t l y  to insure  -:hat a t  
l e a s t  0 0 %  of each age grocp w u l d  be unable to achieve 
the penetration i n d i c a t e d .  
A n  attempt was made to u t i l i z e  t h e  information 
to develop a probe which w ~ u l d  prevent access by 9 9 . 5 %  
of t h e  s u b j e c t s ,  but the data appeared somewhat more 
err at,?,^, suggesting that many more subjects would be 
required to properly define a 99.5 percent i le  ~:c?be. 
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A variety of probes were cons idered ,  such as  a 
probe matching the adult f inger Ear i n d u s t r i a l  items 
and a probe matching the c l ~ i l d ' s  f ingers  for  accessihlc 
app l iances  i n  the home. Separate probes were i n i t i a l l y  
considered for slot openings w i t h  a separate s e t  for  
hole openings. The presumption that separate prabos 
would be necessary, assumes that  there are major 
dif fercnces in p e n e t r a t i o n  between t h e  three qroups 
of people .  A rev iew of t h e  data indicates t h a t  these 
differences are not as great as one r n i q l l k  expect,  and 
that  in many cases penetrations achieved by the 
c h i l d r e n  were exceeded by the p e n e t r a t i o n s  achieved 
by the a d u l t s ,  p a r t i c u l a r l y  t h e  women. This can be 
seen in Fia%re 5 (Penetrations Unattainable  by 9 5 %  of 
Each Group at Each liole) and Figure G (Penetrations 
Unattainable  by 9 5 8  of Each Group at Each S l o t ] .  
It was decided that: the f i r s t  prol~e to be made 
should incorporate the in format ion  from a l l  three 
groups. Two probes ( n o t  illustrated) w i t h  c i r cu la r  
cross sec t ions ,  one for  s l u t s  and one for holes  werc 
produced. These  werc r i q i d  probes which fallowed t h e  
95 percenti le  l i n e  of the group requiring t h e  minimum 
diameter a t  any particular pene tra t ion .  Because of the 
curves introduced, t h e s e  probes proved to b? t I ; , f f  i c n l t  
to cons t ruc t ,  and it w a s  decided that a ~i r '~~~ .~ .EJ - , ? tmi ,on  
of the shapes involved would he beneE;~ : , ' i ;  :-:. Y : a 1 s o 
dec ided  t h a t  both probes should be i n c s S b  + + .,' ;,! i",r one 
probe u n i t .  with one set: of dimensions at: . <:hz ? :ctl2s to 
the other. The h o l e  data now d e f i n e s  t h e  n m j ~ , '  di.nrneter 
of the test probe at any p o i n t  along i t s  l e n g t h  (see 
Figure 7, Probe Derived From Composite Data, P l a n  V i e w )  . 
S i n c e  slot openmgs always permitted greater p e n e t r a t i o n  
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t l ~ a n  hole  opaninqs of the same s i z e ,  the information f r o m  
tho slots was incorporated into  the probo by mnkirig the 
probe w i t h  tw f l a t s  which  r e p r a s e n t d  the s ic lc~~  o f  the 
slot. This minor dimension of the probe is shown i n  
Figure 7 ,  Side viow. 
Articulat ion was next considered, and it had been 
hoped t h a t  some guidrrnca w u l d  be obtainad from the 
knowladge of l o c a t i o n s  nk  which  the f inqcr  j o i n t s  had 
p a s 3 4  througt~ the  o p e n i n g s .  It soon bccnrnc c v i d c n t  thnt: 
t h i u  was an untmrknl>lc concept, and tha t  any assiclnrnent: 
of a r t i c u l a t i o n  p o i n t s  w u l d  hnvo to be made a r b i k r a r i l y ,  
The most desirable situation w u l d  have been to have a 
f l o x i b l ~  proho which coulcl articulate at: nny p o i n t ,  but  
t h i s  hcomlas moci'lani.cally u n w r k n l l l c .  It: is n l s a  cvicIcrt~t 
i n  working w i t 1 1  n riqid probe, that: a cons idc r ; . t l~ l~  volumc 
within any o n c l ~ s u r c  i s  cantackable by n r i g i d  prabc 
witllout nrly nrt icu lcr t ion ,  prov id~c l  thnt: i t :  i s  wi thdrnwn 
s l i g h t l y  to a3Sqt~ some tnovcmant. With thcsc thcruqhta i n  
rnir~t? , artjculn tior1 was provided for  this prol~c n t 3 0  
n i l l i lnetcrs ,  G O  m.illimatcrs, nncl lo0 mil l in \ckerw,  the 
f i r s t  ttm of: which are ic;rnCical, to t h e  a r t i c u l a t i o n  i n  
the Il?C and ZEE p r a t e .  It is f c l t  t h a t  this amount o f  
articulation is suf f ic icnt  to permit n r ~ a l i s t i c  
assevsmont of whather the human finger could contnct 
the p a r t .  
One of the difficulties w i t h  n probe incorporating 
n r t i c u l n t i o n  has been that  the probe catild he b e n t  i n t o  
conf igurntions w h i c h  could not be assumed by the l~uman 
f inqcr.  Onathas a choice of incorporating stops to 
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prevent abnormal c o n t i g u r a t i o n s ,  or so specifying i n  t h e  
requirements t h a t  abnormal configurations such a s  a 
reverse bend are forbidden.  Our drawing sirows t h e  stop 
incorporated i n  the probe, bud it is expected that the 
stops w i l l  be e l i m i n a t e d  i n  the future s i n c e  they present  
unwanted restrictions over the entrance of a probe i n t o  
an opening whi le  the probe is in other than  a s t r a i g h t  
condition. 
In order to determine the usefulness of the 
probe, 1200 samples were constructed of a h i g h  impact 
polystyrene. The actual c o ~ c  was approxirnatclp $10.00 
each, which permitted a wide  d i s t r i b u t i o n  of t h e  samples.  
It is recognized t h a t  in same circumstancon C l ~ e  Fnsulatinq, 
material  of t h e  probe makes it d i f f i c u l t  to dc t r rminc  i f  
a l i v e  part has k e n  contacted, and it wi21 13s necessary 
to  construct  some probes,  or at least the t i p ,  of n 
conductive material . Metal probes would obv ious ly  I.)a 
much more expensive,  b u t  necessary for t h e s e  appl i c n t i o n o  , 
Figure 8 shows the  o u t l i n e  of this c o n b i l ~ a t i o n  
probe w i t h  t he  o u t l i n e  of the IGC probe superimposed over 
it. St kill be noted  that the probe developed as a 
r e s u l t  of this work is more s t r i n q e n t  t h a n  tho Ir iC probe 
for t h e  i n i t i a l  4 0  to 60 millimeters, and t l ~ a t  t h e  IEr :  
probe is more s t r i n g e n t  for  the remaining d i s t a n c e  up to 
the f irs t  s top  plate at 80 millimetars. The effect of 
the IBC stop plate may or may not then make one prohe 
mare s t r i n g e n t  t h a n  the other depending upon whether t h e  
stop pla te  is able  to enter t h e  opening. 
Since  the l a r g e s t  openings explored w i t h  the 
s u b j e c t s  were 2 5 . 4  millimeter slots and 25.4 millimeter 
diameter holes, no new information is added once this 
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probe has reached a circular cross section at 154 
millimeters from the  t i p .  In prac t ice ,  the standards 
w u l d  c a l l  for other  requirements to t a k e  precedence 
over the probe if the minor dimension of the opening 
k i n g  tested were 25.4 millimeters or larger. 
It should be kept in mind t h a t  the g e n t l e  taper 
of the probe i a  dictated by the  measurements, and 
represents a mechanical analog of those measurements. 
The effect of f o r c i n g  the probe i n t o  an opening is to 
wedge apart the sides of the opening.  The mechanical 
advantage in thf s case could be as great a s  1 6 .  It is 
evident that care must be exercised in applying pressure 
to the probe to determine the acceptability of an 
opening . 
Another factor to be considered is t h a t  t h e  
subjec t s  attempted to achieve maximum penetra t ions .  The 
penetrat ions  were not the r e s u l t  of a casual approach 
to the openings. This aggressive attempt to contact 
parts beyond the opening in an enclosure will probably 
not be duplicated i n  most field s i t u a t i o n s ,  and t he re fo re  
can resul t  in an a d d i t i o n a l  safe ty  f ac to r ,  .which would 
be proper fo r  a probe being used in s a f e t y  t e s t i n g .  

FIGURE 2 ~estinq Apparatus 
PENETRATION OF CHILDRENS' FINGERS THROUGH SLOTS 
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FIGURE 8 
PRELIMINARY REPORT 
ADDITION OF THE FINGER WEB S'I'OP 
TO THE 
ARTICULATE PROBE 
During the development of the articulate probe, it 
was recognized that: subjects were being asked t o  develop 
maximum penetrations through slots without regard to the 
length of the  s l o t .  It would have been possible although 
very inconvenient to have measured the .Length of the 
s l o t  being used to make the measured perletration, but  
it is also possible tha t  the added ~ornplj~,~7,ation w uld 
have detracted from the accuracy of the Inore important 
penetration measurement. A decision was made t o  proceed 
without the measurement, recognizing that the probe to 
be developed with the data would be a slightlg more re- 
strictive probe than would be required for 956 percentile 
rejection, buL this was accepted as erring on t h -  side 
of safety. Lt also should be noted that for most of the 
probe length, this increase in stringency was never 
reater than that observed hy rotating the probe t h r ~ u g h  
800 end not ing  khe difference in penetration. Another way 
o f  assessing the situation is that for penetrations up 
to about 80 mm. Tt: is unl ikely that more than one fi.nger 
was necessary f o r  the slot penetration tesk. 
The longest single finger penetration information 
w e d  in t he  design o f  the probe j.s a?- 97 mm, Penetrations 
deep?r than this required the use of a slot opening 
ar ,\ore than one finger,  therefore a s t o p  plate which 
t a w s  i n t o  account the width of the hand would appear to 
be a relaxation of the probe design which could be per- 
mitted. The section involved is from 97 mm up to the 
end of the p r o b e ' s  useful  length a t  154rnrn. 
Since the completion of the probe design, additional 
information ha$ become available from a University of 
Michigan study' . This study provides measurements of 
children's hands, in ages of 1 to 13, separated by sex 
and also provides measurements at 5 percentile and 95 
percenki le  of the population. See Figure 1. The only 
d i f f i c u l t y  w i t h  tk information i s  that the entire length 
of the hand was measured for the study, it: abesnot 
give the portion of the hand length which might be ex- 
p e c t e d  t o  pene t ra te  a s l o t  when s topped by the web bet- 
ween the fingers and the thumb or the  thickening of the 
hand at khis p o i n t .  This particular point  das a natural 
limit during the original slot measurements zt the largest 
(1 inch) s l o t .  
1. PR 242 221 - Phvsical Characteristics of Children as 
Kclated t o  flea"( and I n j u r y  f o r  Consumer Product S a f e t y  
Des ign ,  repareu f o r  the  C-onsumer Produc t  Safety Cam- P mission 1)' t f 1 2  Food and Drug Adm., 31 May 1975, Highway 
S;!Tety Rcsc;~t'ch Tnr;  t i  t l l+e,  'Ihe I!niversitv of Mich igan ,  
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In o r d e r  t o  p r o p o r t i o n  the University of Michiganl 
measurements ~ r o ~ e r l v ,  reference was made to a Drvfuss 
Study. ~rawiGgs' frohr this s u d  are presented as Piaure K 2 ,  and i t  w i l l  be noted that  t q f o l l o w i ~ ~ g  relationsips 
appear t o  a ~ p l  In determining the f r ac t ion  of the over- 
a l l  hand lengt g which is a plicable to the distance from 
R E the d inger t l  s t o  the web etween the thumb and the re- mainder of t e hand. 
Males Females 
Web to 4.5 -k 3.0 4.0 + 2.9 
Fin  erti s 
~ e h k n d  
2 3 6  T = 5.45 
1 . 5  %'5 b ,  9 KT= 
Length , 
Picking S7mm as the first poin t  a t  which web in- 
formation could be used without d e s t r o y i n g  the utility 
of  the probe as an indicator of the acceptability of 
h o l e s ,  and takin.g the Liberty o f  routrding t h i s  off to 
IOOmrn for rnecha~~ical reasons, it next becomes necessary 
to determine the w5dth of hand necessary f o r  a penetratbon 
of 1 O O m  as measured t o  the web of the thumb, Siace the 
Michigan St,udy gives  only  the overall length from the 
wrist, it. i s  pecessarv t o  t r a n s l a t e  th is  10Cmm web 
to fingertip length t b  an overa l l  band length of 
100 x 7 . 5  = 125mm for the males and 100rnm x 6.3 = 126.6 
T m 5  
f the females. It: is then necessary t o  match this  
averure length with a ;?articular age ch i l d  and then 
determine the hcnd width  for a 5 percent i le  ch i ld  i n  
t h m k  age group, Anocher apprcdch t o  the problem would 
be to assume t h a t  the penetration was produced by a 
95 percentile child, deternline his age group and then 
determinp'the average hand width for that age group, 
F ~ i s  study utilized both approaches. Figure 3 
provides  a table  of the log ic  used in  a r r iv ing  a t  the 
conrI ,us ic ,~~ that a stop plate of 50mm diameter could 
be > m a t e d  a t  a distance o f  100mm Erom the probe t i p  
and s t i l l  be considered t o  prevent contact by mcre than 
5% of  the children involved. 
This  Logic re jec ts  the premPs that the longest 
ch i lds  hands are also the narrowest and assumes t h a t  
w i t h i n  an age group the chi ld  with the longest hand 
will h ~ v c  an average width.  T h i s  s t i l l  may be a somewhat 
c o n s e r v a t i v e  estimate, since it is probably more accurate 
to say that the child with the longest hand probab ly  i s  
l a r g e r  overal1,and possesses a wider  than average hand. 
The c o u r s e  chosen, t h a t  o f  Linking an average width 
with a long hand, or a narrow width with an average 
length hand would appear to be a cautious approach. 
Since Figure 3 gjves the dimensions of t h e  f h g e r  
web s t o p  for only one point alon its length, it is 3 also necessary to compute the wi th of the finger 
web 
for other useful p o i n t s .  This i s  done in 
Figure 3rd  plotted on Figure 5. 
It will be noted t h a t  since the data on the children 
s tops  at age 13, that the data does not c a r r y  to 154m 
which would match the present: useful length of the probe. 
Another study is useEul at this point, th i s  one conducted 
b Appliance Tes tkng Laboratories in Leatherhead, England. 
T K is study shows that none of the 357 adult men and womcn 
sub'ects were able t o  p e n e t r a t e  t o  1001m through a 1 9 . 5 ~ ~ 1  
by i 9 . 5 m  opening with one finger, and that  for a s l o t  
with an opening 20mm high, t h a t  it required a width of 
areuter  than 50mm f o r  ai~v of  the 278 men and 355 women 
- 
to contact a back p l a t e  IOOmm away from the opening.  
These data supplement the children's d-l . obtained from 
the Michigan S t t ~ d y  and reassure tha t  - .  .: ,~jo*: e r ro r  is 
being made at t'he 50mm diameter point. 
A probe drawing is  provided as Figure  6 which in- 
co rpora tes  the  web s top cons tzuction. 
'.' ~ o h n  Stevenson 
September, 1978 
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D e v i c . r i  A u t o r i d r e d  s l i d i n g  c a l i p e r .  Measurements are recorded 
auto?:tically b y  computer. 
D e s c r i p t i o n :  I N F A N T :  I n f a n t  lies on back w i t h  right hand ful- 
- 
l y  e x t e n d e d ,  p a l m  u p .  Measure t h e  parallel d i s t a n c e  from the 
w r i s t  c r e a s e  to t h e  t i p  o f  t h e  third right d i g i t . ,  P a d d L e - b l a d e s  
f i r m l y  contact the t w o  body  surfaces f o r  measurement, An a9- 
s i s t a n t  i s  required t o  a s s u r e  t h a t  the infant i s  in the  correct 
p o s f  tion. 
~ e s c r i ~ t i o n :  ' CHILD: C h i l d  sirs e r e c t ,  r i g h t  hand i s  e x t e n d e d  
w i t h  ?aim u p .  Xeasure  t h e  F a r a l l e l  d i s t a n c e  from t h e  wrist 
c r e a s e  t o  t i p  'of t h i r d  d i g i t  with an automated s l i d i n g  c a l i p e r ,  
The  $addle-blades f i r m l y  c o n t a c t  the two b o d y  surfaces for 
measurercent. 
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95% 4 yr .  o l d  boy has hand 
lbngth of 124mm 
5% 4 yr. o l d  boy has hand 
width  of 46mm 
50% 4 yr, o l d  boy has hand 
w i d t h  of - 53mm 
50% 6 yr. 
length of 
o l d  boy 
1 2 6 m  
has hand 
5%' 6 yr. o l d  boy has :.and 
width of - 50mm 
50% 6 yr.  o l d  boy has hand 
width aE 58mm 
95% 4% 
length 
yr. o l d  girl 
of 126mm 
has 
5% 4% yr. old girl has hand 
width  of 45mrn 
50% 4% yr, o l d  girl has hand 
width of 53mm 
- 
50% 6% yr. old girl has hand 
lengcl; 7 f  125mm 
5% 6% yr.  old girl has hand 
width of 52mm 
- 
50% 6% yr. o l d  g i r l  has h m d  
width o f  58mrn 
This seems to indicate that a stop p la te  located at 100mm 
from the . t i p  and with an outer  diameter of SOnun would match o r  
e x c e e d  any 5%, 50% combination of hand length and width for boys 
and girls independently. 
$;Michigan Study 
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MALES - Hand L e n ~ t h  x 6 = P l o t  Distance 
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APPENDIX n 
CONCEPTUAL DEVELOPMENT OF CUT TESTER 
GENERAL : 
-- 
Since a module surface  mey be subjec teo  t o  phys ica l  abuse, and a 
penet ra t ion  of t h e  surface can expose t h e  use r  t o  a shock hazard, a t e s t  
to e s t a b l i s h  a minimum l e v e l  of supers t rs te /encapsulant  r e s i s t a n c e  t o  
cu t t tng  is deemed warranted, 
A revlev of t h e  l i t e r a tu re  on t h e  subjoct  of c u t  and penetratj.on t e s t s  
for ait(stomers$'f, such as s i l i c o n e  rubber,  d i d  not i e v e a l  any Standard 
t e s t s  consi,clered a p p l i c n b l ~  fo r  evaluat ing  module encapsulants .  
Candidate t e s t s  as  found i n  the  American Socie ty  for Test ing  and 
Materials  (ASTM) Standaids were r e j e c t e d  f o r  t h e  following reasons: 
1, Scme of the  tests required t h a t  t h e  samples be precut  and then 
subjected to  t e a r  r e s i s t a n c e .  We feel t h a t  t h e r e  i s  no c o r r e l a t i o n  
between pre-cut  t e a r  r e s i s t a n c e  and t h e  a b i l i t y  of a photovol ta ic  module 
superstrate/encapsulant  t o  r e s i s t  c u t t i n g .  
2. Many of t h e  t e s t s  do not take  i n t o  account a r i g i d  or a semi-r igid 
backing. A material  which may exh ib i t  a r e l a t i v e l y  poor t e s t  r e s u l t  
when t e s t e d  alone, may provide f a i r l y  s u b s t a n t i a l  r e s i s t a n c e  t o  c u t t i n g  
by a moderately sharp instrument when tested i n  conjunction w i t h  t h e  
s u b s t r a t e  on which the superstrate/encapsulant: is placed.  
5. Some of the tests wexe not physica l ly  compatible with t h e  samples 
which could be t e s t ed .  
4 .  Some of the t e s t s  examined simp1.y d i d  not r e l a t e  t o  puncture 
r e s i s t a n c e  problem a t  hand. 
A. Standard Test, Method For Rubber Property-Tear Resistance 
(ASTfl D6m - 
This descr ibes  a t e s t  far tear r e s i s t a n c e  on t h r e e  d i f f e r e n t  d i e  cu t  
specimens, two of which have been razor  cu t  t o  s t a r t  the t e a r .  
I I * In ASTM St~ndards, the  term rubber" is a generic term 
t h a t  includes any elastomer or elaseomeric compcz:lids. 
B .  Puncture Rasistanco of Rubbar Insu la t ing  Gloves, Part of 
'standard Spocification Fox Rubber Insu la t ing  ~ l o v a s "  [ASTM 
D120, Paragraph 1 9 . 2 . 4 ) ;  Specification of Rubber Intiulatinx 
D1anko.t~ (ASTEI D1048) and Spac i f i ca t i an  Far Rubber I n s u l a t i n ~  
Gloves (ASTF1 DlO51) - 
These t e s t s  are designed t o  check the  absolute  puncture ros is tence  of 
the matcriol  only ,  In  photovoltaic modules, t h e  s u p e r s t r a t e s /  
encapsulants or ,  backud by a rigid mounting plate o t q c e l l  which would 
no t  allow the t e s t  t o  be performed as  describbd,  Tes t ing  separa te  
sheets of the superstrate/encapsulnnt  material would- not r o p r ~ s e n t  the 
superstrnte/encopsulortt's performance in the 'product; a s  t h e r e  ?,?y be no 
c o r r e l a t i o n  between absolute  puncture r e s i s t g n c e  and puncture r e s i s t ance  
of  a material backed by a rigid substrate. 
C. Test For Rubber Property,  Pusey & Jones I.ndcntntion (ASTEI 
D531): Test For Rubber Property - In te rna t iona l  Hardness - (ASTM 
D1415) and Impact Resistance of Polyethylene Film (ASTM 
-
D1709) - 
These tests were found i napp l i cab le  for- reasons described under 0 ,  
D. Underwriters Labor stories 0i:tline   or The I?\i.\stigation of 
Thermoplastic Insu la ted  Wire - . .  
Thf s document includes a "penetrat iont '  test,  The t e s t  however, i s  
designed t o  determine insu la t ion .  flow a i  el'evated temperature and under 
p:, :%sure. and as such is no t  appl'icable t o ~ p h o t o v o l c a i c  modules. 
t 
Tt :efure, i t  was concluded t h q t  a new t e s t  method, s u i t a b l e  f o r  t e s t i n g  
cut rssistance of a PV module encapsulant should be developed, 
A c u t  tester was developed and construcpsd (see Ills.  9.1 through D . 4 )  
us ing  e modificat ion of a t o o l  which UL uses as a "sharp edge t e s t e r " .  
Various shaped blades and blade thicknesses were considerad, keeping i n  
mind the  poss ib le  ob jec t s  t h a t  might cause a penetration of the 
enc&psula.nt, for example, t h e  brackets  and hardware of a household mop 
which might be used f o r  c l e ~ n i n g  the  module su r face ,  k t y s ,  random 
fingc.r.nai1 " tes t ing"  of the silrface, e t c .  
I'he blade configurad;ion s e l e c t e d  is described i n  I l l s .  D.2 and D.5. 
Force on the blade is  varied by adjus t ing  t h e  length of t h o  pressure arm 
(Item B i n  I l l :  D.41, The conf igura t ion  of t h e  blade was determi-ned by 
t r i a l  and e r r o r ,  again us lng t h e  modules on hand which had s i l i c o r ~ e  
rubber encapsulat idn.  A 2 pound force  an t h e  poinc of t he  blade was 
selected as a reasonable fq rce  which may be  used during accidental or  
i n t e n t i o n a l  abuse of t h e  module. 
The t e s t e r  was used by gent ly  applying t h e  point of t h e  blade to the 
encapsulant surface,  p r e e s i r g  down the handle until the  pressure arm 
was parallel  with the handle, and drawing the t o o l  across the module a t  
a slow rate of motion, Penetration was determined by connecting a 
voltmetor between the tool and one of t h e  module output terminals .  
Normal room l i g h t  provided  nou ugh s o l a r  cell output to cause a 
deflecf:ion on che meter when e i t h e r  a c e l l  or conductor was contactgd. 
A continuity tcster could alsc have been used. 
In use ,  the  cut tester doscribed above is vary d i f f i c u l t  to apply. I t .  
is d i f f i c u l t  to keep the  pressure arm para l l e l  with the  handle, the  
blade perpendicular to the  encapsulant surface and t r y  t o  maintain a 
constant speed, a l l  simultaneously. Therefore, a d i f f e r e n t  tool was 
developed based on the same principals  (see Ill. D . 5 ) .  This device is 
designed t o  keep the pressure arm p a r a l l e l  w i t h  t h e  handle and the blade 
perpendicular t o  the encapsultant surface. The effect  of varying speed 
has not  been determined because of t h e  d i f f i c u l t i e s  described, but for 
the present a speed of 6 inches per secand (15.2 cm per second) i s  being 
proposed . 


Subject 
Nntc 
-
a 
;1 
a 
a 
a 
a 
a .  
a 
b 
b 
b 
b 
LIST OF MATERIALS . SIIAKP EDGE TESTER 
(SCOSOPB, ISSUED 5-7-73) 
Plutc, Retaining, l)ressurc Arm (SA05 1 0) 
Arm, Prcssure (SBOS I 1 ) 
Head, Pressurc Pod TSB05 1 2) 
Spring, Negator (9305 13) 
Drum, Maill (SB05 14A) 
Drum, Storigc (SAOS 15) 
Spi~ldle, Storage Drum (SBP J I G )  
Base (SB05 1 7 A) 
Scrcw, Mncluric, Pan EIB, 4-40 UNC3,A X 1/4 LG 
Spring Pin, ,032 Din. X '$3 LC 
Scrcw, Machinc, Pail WD, 8-32 UNC2A X 5/16 LC 
  ow el Pin, . I  565  Dia. x 518 LG 
m 
Shoulder Screw, (Stripper Bolt) ,248 Dia X 1/2 LG 
m 
6 ' b Nut, Plain, Mexngor: 
7 c Bearing, Ball, Radiai, 1R4, ABEC 1 ) ,125 Bore 
,625 O.D. X ,196 W. Dc lble Shicld 
d Spacer, . I30 I.D., . ld7  O.D. X .I88  LG 
3 - E  
9 c 0earing,-kd1, Radial, ( ~ 2 :  ABEC 1) . i 2 5  Rol'r, 2 
,375 O.D+ X ,156 W, Doublc Shicld 
d Spacer, 2 5 5  I.D. X 1375 O.D. X ,063 LC 
rn 
I I c Handle, Tool, Adjustable, 114 inch 
12 b Wnsflcr, Lock, Split ,  No. 10 Med;~l~r, 
13 b Nut, Plain, ~ u x i g o ~ ~  -- 2 
Note: 
a. Itcms A Through H, drawings arc available from: Underwriters' iihoratories, !nc., (1285 
Walt Wllitmon Road, Melville, Long Island, New York 11746. ' 
b. Available- through hardware suppliers. 
Sitc Part 
c. AvaDahlc From: of Rorc N u n ~ h c r  
(1) Fafnjr Ball Bcarit~g .I35 33KDD3 
New Britain, Connecticut ,250 S I KDD7 
(2) Ncw hiampshire Ball Hearing ,125 SR:! 1 PPK25/ 122 
Pctcrborough, New Ha~npsllirc 2 5 0  SK4 I PPDK251122 (3) Miniature Precision Bearing .I25 SIZ?CHH 
Briscol, Connecticut 2 5 0  S 114 RHH 
Part 
d .  Availahlc From: 
I ) Allicti Drviccs Corporation 
Bntdwin, New York 
(2) 1'lC Design Corpor;~ tion 
Ridyut'icld. Conncc ticut 
or, Van Nuys, California 
(3) W. M. Bcrg, Inc. 
E. Koikaway, New Ycrk 
or Van Nuys, California 
e. Avnifat,lc From: 
- (1)  Scars Roebuck Sc Conipany 
(2) Gcnernl Hard ware Monul'rrcturing cornp'any 
Nrw York Citv. New York 
S ixc Numbcr 
. I ~ S  i,n. X I  I 
* Part Numbcr 
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APPENDIX E 
RESULTS OF FIRE TESTS; ROOF EIOUNTED 
MODULES - 1980 
GENERAL : 
On June 13, 1980, labora tory  t e s t i n g  of Motorola and Solarex 
photovoltaic modules t o ' c e r t a i n  of t h e  procedures described i n  t h e  
Standard; " ~ e s t s  fo r  F i r e  Resistance of Roof Covering f.laterials",  UL 
790-1978, as modified according t o  the  procedure contained i n  the  d r a f t  
Proposed Standard for Safe ty  - Fla t -P la te  Photovoltaic Modules and 
Panels, was conducte at Underwriters Laboratories Inc. ,  Northbrook, 
I1 l i n o i s  . 
Panels of Motorola (&lass  s u p e r s t r a t e  and metal subs t ra t e ]  and Solarex 
( f ibe rg lass  super and s u b s t r a t e )  photovol ts ic  nodules, ( see  
I l l u s t r a t i o n s  E . 6  t o  E . 9 ) .  Each panel includes four modules i n  an 
aluminum frame . 
The panels were spaced 4 inches above a Class A roof deck ( including 
Class A sh ing les ) .  For the spread-of-flame t e s t ,  t h e  deck-shingle 
assembly was t h i r t e e n  (13) feet long, r a t h e r  than e igh t  (8) feet,  a s  
normally s p e c i f l e d  f o r  a Class A deck, the r a t i n g  sought. 
TESTS : 
The panel of Solarex modules on the deck was subjected t o  burning-brands 
t e s t ,  t h e  panel of Motorola modules on the  deck was subjec ted  t o  
burning-brands and spread-of-flames t e s t s .  
GiJRNING BRAND TEST: 
METHOD - GENERAL 
(Class A T e s t )  
A d ~ ~ c k ,  3-1/3 feet  wide by 4-1/3 feet  long was made of 3/8  inch t h i c k  
(A-C grade, Group 1, exterio:) plywood. ' The face  and back veneers of 
the plywood were of Douglas fir. The deck had 1/8 inch v e r t i c a l  and 
hor izonta l  j o i n t s ,  with a l l  v e r t i c a l  j o i n t s  centered on 2 by 4 inch 
( t r ade  size) wood battens.  A v e r t i c a l  j o i n t  centered 3n t h e  deck and 
extending from the  leading Age of che deck to  t h e  hor izon ta l  j o i n t  was 
provided. 
The ver t ica l  edges of the  plywood were across  two 2 by 4 inch ( t r ade  
size) wood ba t t ens  located under and f l u s h  with t h e  ou te r  edges of t h e  
deck. See I l l u s t r a t i o n  E.4, 
Lis ted ,  Class A r a t ed  shingles  were hf f ixed over t h e  e n t i r e  su r face  of 
t h e  deck. 
The deck-shingle assembly was mounted on a ca r r i age  inc luding an 
inc l ined plane, t h e  inc l ine  being 3 inches per foot, Mortar was applied 
i n t o  the j o i n t  formed by t h e , l e a d i n g  edge of the  sh ing le  and t h e  
framework of t h e  car r iage .  
The photovoltaic panel was, placed over the ,deck-shingle  assembly, and 
separa ted  4 inches f rom, the  assembly by four br icks ,  one a t  each corner.  
An a i r  current: was passed over t h i s  assembly, such that a t  points  midway 
up t h e  s lope  of t h e  deck and 3-11/16 inches above the s h i n g l e  surface ,  
t h e  ve loc i ty  of t h e  a i r  E : R ~  12 4 1/2 miles per  hour. 
A brand was prepared,  cons i s t ing  of a g r i d ,  i2 inches square end 2-1/4 
inches t h i c k ,  of k i ln-dr ied  Douglas f i r  lumber free from knot:) and p i t c h  
pockets.  I t  was made of t h i r t y  six 3 / 4  by 3 / 4  by  12  inch dressed 
s t r i p s ,  placed i n  th ree  l aye r s  of 12 s t r i p s  each, with s t r i p s  spaced 1/4 
inch apar t .  These s t r i p s  were placed a t  right angles t o  thoslit in 
adjoin ing l aye r s  and were s t a p l e d , . u s i n g  No. 16 gauge s t e e l  wire s t a p l e s  
having a 7/32 inch crown and 1-1/4 inch l egs ,  at each end of each strip 
on one face, and i n  a diagonal  p a t t e r n  on t h e  o the r  face .  The dry 
ve igh t  of t h e  f in i shed  brand before  i g n i t i o n  was 4.4 k 0 . 3 3  pounds. 
I 
The brand was ig1,it;ed by placement i n  e. gas burner shielded from d r a f t s ,  
so  that during t h e  process of igni t ion ,  the brand was nea r iy  enveloped 
i n  the  burner  flame. The temperature of t h e  i g n i t i n g  flame was 1630 k 
SO degrees F, measured 2-5/16 inches above t h e  top of t h e  burner,  
The brand was exposed t o  t h e  flame f o r  5 minutes, during which time it 
was ro ta ted  s o  as t o  present  each surface to t h e  flame. A t  t h e  
c o ~ ~ c l u s i o n  of t h e  5 minute per iod ,  t h e  brand was burning f r e e l y  i n  s t i l l  
a i r .  
Ml?lTHOD I 
(Solarex klodule) 
The brand was appl ied  t o  t h e  cen te r  of the panel of Solarex modules. 
RESULTS I 
Time as taken from application of brand. 
Time (Minutes:Seconds) Notes 
-
Brand centered on panel 
C1:arring of module cover upstream fkom brand 
Blistering of module cover upstream from brand 
Ignition of module cover upstream from brand, 
cover blistering up under brand, lifting up brand 
Flaming to end of panel 
Brand 1/3 consumed 
Fire subsiding, flames sxtend halfway b ~ t v e e n  
brand and end of array. Flames l i ck ing  through 
slots between modules, but not reaching deck 
Brand 1/2 consumed, firs extending S'inches 
beyond brand 
Brand 3/4 consumed 
Brand 7/8  consumed 
Brand reduced to embers 
Test terminated, no effect on shingles in any 
manner 
There was no flaming on the underside of the t e s t  deck, no production of 
flaming or glowing brands of roof covering or panel meterial, nor 
displacement of test sample. There was no exposure or falling away 
of the roof deck. 
METHOD I1 
(Solarex Module) 
The brand was applied to the center of a lower module on the panel of 
Solarex modules (same panel as in test of Method I). 
RESULTS I1 
Time (Minutes:Seconds) Notes 
Brand in place 
Blistering of module cover under brand 
Ignition of module at area damaged duzing 
test of Method I 
Module covering flame to  approximately 12 
inches beyond brand, and in slats between modules. 
No flaming of roof deck assembly 
Brand 1/2 consumed, flaming of module cover 
reduced to a,>proximately 6 inches beyond brand 
Brand 3/4 consumed, no penetration to or flaming 
of roof deck. Flames 3-4 inches beyond brand 
Brand 7/8 consumed 
Test terminated 
Burned area  had extended through t o  base mater ia l  under c e l l s .  There 
was no flaming on the  underside of the  t e s t  deck, no production of 
flaming o r  glowing brands of t h e  roof covering o r  eha panel ma te r i a l ,  
nor displacement of the t e s t  sample. There was no exposure o r  f a l l i n g  
away of t h e  roof deck. 
CONCLUSiON FOR RESULTS I AND 11 
When i n s t a l l e d  over Class A sh ing les ,  the Solarex module met t h e  
requirements of the  Class A burning brands t e s t .  
NOTE 
The procedure and r e s u l t s  of Methods I and I1 are shown i n  111. E . 1 .  
METHOD I11 
(Motorola Module) 
Brand applied t o  center  of a lower module on t h e  panel of Motorola 
modules , 
RESULK I11 
Time Olinuees :Seconds) - Notes 
Brand i n  place 
Module cover flaming upstream from brand 
Brand only  flaming, module cover b lis ter ir ,g 
upward i n  brand a rea ,  brand pushed upward and away 
from l a r g e  area contac t  with module by b l i s t e r  
Glass cover of module d i s t o r t e d  i n t o  dome shape, 
brand 5 / 8  consumed 
Flash flame penet ra t ion  through module cover 
Glass covw cracked, flaming a t  leading edge between 
module cover and metal edge. Module cover cracked 
in numerous places,  flaming through each crack 
Flaming continuing through cracks 
Flames subsiding 
Module flaming ceased, brand flaming continuing 
Brand glowing, no flaming 
I n t e r m i t t e n t  flaming wi th in  module 
Test  terminated 
There was no f laming on t h e  underside of t h e  t e s t  deck, no production of 
flaming or glowing brands of t h o  roof covering o r  panel ma te r i a l ,  nor 
displacement of t h e  t e s t  sample. There was no exposure o r  f a l l i n g  away 
of t h e  roof deck. 
CONCLUSION 
When i n s t a l l e d  ovor C la s s  A s h m g l e s ,  t h e  Matorole module mat t h e  
requirements of t h e  C la s s  A burning b r a n d s . t e s t .  
NOTE 
The procedure end r e s u l t s  of  Method : f I  arg shown i n  t h e  first seven 
frames of I l l .  E.2. 
SPREAD-OF-FLAME TEST: 
METHOD 
(Motorola Module) 
(Class A Test) 
' A deck, 3-1/3 f e e t  wide by 13 feet long,  was made o f  318 inch t h i c k  
' ( A 4  grade ,  Group 1, e x t e r i o r '  . flood. The face and back veneers  of 
the  plywood were of Douglas f ~ r ,  The deck had a 1/8 i n c h  h o r i z o n t a l  
j o i n t ,  w i t h  t h e  j o i n t  cen te red  on a 2 by 4 inch  ( t r a d e  size) wood 
batten. The v e r t i c a l  edges of t h e  plywood were ac ros s  two 2 by 4 inch 
( t r a d e  size) wood b a t t e n s  loca ted  under and f l u s h  wi th  t h e  o u t e r  edges 
of t h e  deck. See 111. En" Lis ted ,  Class  A r a t e d  s h i n g l e s  were a f f i x e d  
over the e n t i r e  surface o f  t h e  deck, 
The deck-shingle  assembly was mounted on a c a r r i a g e  inc luding  an 
inc l inded  plane, t h e  i n c l i n e  being 5 inches per  f o o t .  
Mortar was appl ied  i n t o  t h e  j o i n t  formed by the leading edge of t h e  
sh ing le s  'and the framework of t h e  c a r r i a g e .  
The Hotorola  yho tovo l t a i c  module was placed  over che deck-shingle  
assembly, with t h e  lower edge of t h e  module 1 foot from t h e  lower edge 
of t h e  assembly. The inodule was spaced 4 inches from t h e  deck-shingle  
asse~nbly by four  b r i c k s ,  one at each co rne r .  
The assembly was sub jec t ed  t o  an a i r  cu r ren t  flowing uniformly over  its 
top  s u r f a c e .  A t  a p o i n t  2 feet ,  2 inches  up t h e  c e n t e r  of the  t e s t  
deck, and 3-11/16 above t h e  surface of t h e  s h i n g l e s ,  the v e l o c i t y  of t h e  
a i r  c u r r e n t  was 12 k 1/2  mi les  per  hour.  
The assembly was theri sub jec t ed  to a luminous gas flame approximately 
the  width of t h e  deck and appl ied  a t  its.bottom edge. The gas supply 
was s o  r egu la t ed  t h a t  t h e  f lames,  when no t  augmented by t h e  combustion 
of t h e  roof covering, developed a temperature of 1400 k 50 degrees  F. 
The tempera ture  of t h e  f lame was determined by a No. 14 B&S gauge 
chromel-alumel wire thermocouple l oca t ed  1 inch above t h e  s t ~ r f a c e  and 
1/2 inch  toward t h e  source of t h e  flame from t h e  lower edge of t h e  f i r s t  
board of t h e  t e s t  deck, 
-E6- 
RESULTS 
Tim, (Ilfnutes :Seconds) 
-.,-, 
Notes 
Flame on 
Shingles igni ted ,  underside of modules 
burning a t  edges 
2 foot  flame spread on shingles 
3 h o t  flame spread on shingles 
5 "f4ct flama sprcad on shingles 
6 f o u t  flame spredd on shingles 
8 foot f1,ame spread on shingles 
9 foot flame spread oc shingles 
10 foot flame spread on shingles 
12 foot flame spread on shingles 
13 foot flame spread on shingles 
Test  terminated 
Note: Flame spread as measured from leading edge of  test deck. 
There was no production of flr,ning or glowing brands. Portions of the 
aluminum frame work supporting the modules had been severed, w'nich 
allowed displacement of a portion of the panel. 
CONCLUSION 
No judg~rent IS made as to acceptabi l i ty ,  since the requirements for the 
spread-of-flane test are under review, 
NOTE 
The pracedure and results are sho,m i2 frames 9-22 of 111, E . 2 .  
ALL TESTS : 
NOTE 
The condition of the panel fol lowing the tests i s  shown i n  frames 13-17 
af Ill. E.2. The cracked dome glass of the tlotorola module is  shown in 
I l l .  E.3. 
COMMENT: 
If necessary, spread-of-flame between the roof covering and t h e  
stand-off mounted modules might be restricted by the use of skirts  
around the modules, Eire stops within the array, or a greater or lesser 
spacing batween the array and the roof. (A  4 inch spacing was used for 
the t e s t . )  Unfortunately, some of these modifications ( e . g .  - fire 
stops or decreased spacings) may result in increased array temperatures, 
and thus decreased power oucput from the array and/or array operation at 
temperatures which may themselves constitute a risk of Eire hazard. 
These modifications may also result in the collection of debris and/or 
water between the modules and roof, and deteriorate the roof. 
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Solarex  Module: Drawing 
APPENDIX F 
RESULTS OF FIRE TESTS; ROOF-MOUNTED 
MODULES - 1981 
GENERAL : 
--- 
On August 14, 1981, labora tory  r e s t i n g  of Genoral E l a c t r i c  sh ingla t  typo 
and Solarex Corporation i n t e g r a l  mourlt type photovol ta ic  modules t o  
c e r t a i n  of the procedures described i n  t h e  Standard; Tests Ear Firo 
Ras i s t ance  of Roof Covering Materials", UL 790-1978, as modified 
according t o  t h e  procedure conrained i n  tha draft Proposed Standard for -  
Safety - F l a t - P l a t e  Photovol ta ic  Modules and Panels,  was conducted at 
Underwriters Laboratories I n c , ,  Northbrook, I l l i n o i s .  
SAHPLES : 
Simulated roof sec t ions  of General E l e c t r i c  glass-silicone-panslboard 
shingle  style and Solarex ethylene vinyl a c e t a t e  (EVA) encnpsulant,  ' 
glass s u p e r s t r a t e  and Tedlar ,  Mylar, and aluminum s u b s t r a t e .  i n t e g r a l  
mount s t y l e  photovoltaic modules, 
The General E l e c t r i c  sh ing le  type modules were mounted t o  a plywood 
deck, with the  deck const ruct ion  and shingle  mounting performed by the 
Jet Propulsion Laboratory. Because of t h e  size and character of t h e  
shingle modules, t h e  deck-shingle assembly was wider than that 
ordinarily used for t h e s e  t e s t s ,  
The Solarex i n t e g r a l  mount module was t e s t e d  mounted d i r e c t l y  t o  
simulated r a f t e r s ,  without back decking, 
TESTS : 
--
Tests conducted in the order presented. 
SPREAD -OF-FLAME TEST: 
GE Shingle Modules 
METHOD 
(Class A Test) 
A deck 65 inches wide by 92 inches long was made o f  three pieces of 
3/8inch t h i c k  plywood. The face and back veneers of t h e  plywood were of 
Douglas fir. The pieces  of plywood but ted  together at  the j o i n t s ,  wi th  
the joint along the long (vert ical )  dimension over a 2 by 4 inch ( t rade  
size) wood ba t t en .  (The bu t t  j o i n t  is  an improper construction, a 1/8 
inch width gap is  s p e c i f i e d  f o r  t h e  joints.) Wood battens, 2 by 4 
inches were located centered  under the deck, 40 inches a p a r t .  See 
111. F.1. 
The GE photovoltaic shingle-modulos woro appliod ovor as largo a portion 
of tho  surfaco of tho dock as possible, wifli nsbostos shoot filling tho 
remaining surfaco aroa. This procedura was nocassary haeause tllo GE 
shinglo-modulos cannot bo usad cut ,  In actual installations, 
nonalectrically activo asbestos adga piacas would be usod, 
Tho deck-shingle assembly wns mountad on o carrioga including an 
inclined plane, tho incline baing 5 inchas por foot. 
blortar was nppliod into the  joint formad by tho loading edga of tha 
shingles and tho  fromawork of tho carriage, 
Tho assembly was subject id to an air currant Elowicg uniformly ovar its 
top surfoco. A t  o point  midway up the slopo and 3-11/16 inches above 
tha surfaco of tho assombly, tho spaad of tho air current was 12$1/2 
milas par hour: 
Tho assembly was tllon subjectad to on approximately 40 inch wide 
luminous gas flama applied o t  a point on the dock where tha 
shingle-module is at the  loading odga, Tha gns supply was so ragulntad 
that the flame, whon not augmentad by any combustion of tho roof 
covering, developed a temporaturo of 1400i50 dcgreos F, Tha temparatura 
of the flemo was datorminod by a No, 14 0&S gauge chromol-nlumol wire 
tharmocouplo located 1 inch above t h o  surface end 1/2 inch toward tho 
source of the flama, measured from the lower odga of tho first board of 
tho test dock. 
RESULTS 
Tima (Hinutes-Seconds) Notes 
Flame on. 
Discoloration of cells in immediate 
flame area, 
Discoloration of calls t o  approximately 
2 feet .  
Flaming of edges of shingles in area 
of application of gas flame. 
Flama spread of 1 foot at and from edges 
of shingles. 
Flame spread of 1-1/2 feat at and from 
edges of shingles, 
Gas flamc extinguished. 
Self sustaining shingle flaming at edges, 
shingle flames extinguished. 
No por t ion  of  tho roof covaring was blown o f f  or f a l l  off  the roof i n  
tha  form of flaming o r  glowing brands, No portion of the roof deck f a l l  
away i n  t h e  form of glowing p a r t i c l e s ,  Tho roof dock was no t  exposod by 
breaking, s l i d i n g ,  cracking,  or warping o f  tho  roof covaring, There was 
no sus ta inad  flaming on t h e  undorside of the  t o s t  dock, ' 
Flame spraad was lirnitad a s  described nbova, thus there was no 
sproad-of-flame beyotld 6 feet nor any s i g n i f i c a n t  l a t e r a l  spraad 
of flame, 
CONCLUSION 
If appears t h a t  t h e  product conforms w i t h  t haVClass  A Spread-of-Flame 
raquircments. 
BURNING-BRAND TESTS: 
METHOD I 
(Class A Tes t )  
Since only a small s c ~ l t i o n  was damaged i n  tho  provious t e s t ,  and i n  
order  t o  make ~~*.;trnuiri use of t h e  somplo, tho  photovol ta ic  singla-module 
deck assembly dts~ribed undor t h e  "SPREAD-OF-FLAME TEST", was turned I80 
degrees from i t s  ;>osi t ion i n  that t e s t ,  but maintained on t h e  inc l ined 
carri~ge with the shingle-modules on t h e  top su r face ,  The i n c l i n e  was 
maintained a t  5 inches per  foot, Mortar was appl ied  i n t o  t h e  joint 
formed by t h e  leading edge of t h e  sh ing le  and t h e  framework of t h e  
c a r r i a g e ,  
An a i r  cu r ren t  was passed over t h i s  assembly, such that a t  po in t s  midway 
up t h e  slope of the dock and 3-11/16 inches above the sh ing le  su r face ,  
the speed of the  a i r  was 12?1/2 miles per  hour, 
A Class A brand was prepared, cons i s t ing  of n g r i d ,  1 2  inches square and 
2-1/4 inches th ick ,  of k i ln -d r i ed  Douglas f i r  lumbar f r e e  from knots 
and p i t c h  pockets.  I t  was mads of 36 nominal 3/4 by 3/4 by 12 inch 
dressed s t r i p s ,  placed i n  t h r e e  l aye r s  of 12 srrips each, with strips 
spaced 1/4 inch apar t .  These s t r i p s  were placed a t  r i g h t  angles t o  
those in adjoining l aye r s  and were s t ap led ,  using No, 16 gauge 
s t e e l  wire s t a p l e s  having a 7/32 inch crown and 1-1/4 inch l egs ,  a t  each 
end of each s t r i p  on one face ,  and i n  a diagonal p a t t e r n  on t h e  o ther  
face .  The dry weight of the f in i shed  brand before i g n i t i o n  was 4.4.f .0.33 
pounds. 
The brand was igni ted  by placement i n  a gas burner sh ie lded from 
d r a f t s ,  so thac during t h e  process of ignition, the brand was nearly 
enveloped i n  the burner flame. The brand was ro ta ted  so t h a t  each 
face was exposed t o  t h e  burner flame, The temperature of t h e  i g n i t i n g  
flame was 1630+50 degrees F, measured 2-5/16 inches above t h e  top of 
t h e  burner ,  
After 5 minutos in the igniting flamo, and while the brand was burning 
fraoly, it w3s p l a c ~ d  on a previously undamaged section of the assembly, 
ovor a Joint of tho shinglo-modules, 
RESULTS I 
Ignition of brand. 
Brand i n  place on sample, 
Cracking of glass of shingle-modules. 
Flaming of shingle edges in brand 
ares, flaming of edges extending 
3-4 inches beyond brand. 
Additional glass cracking, flaming 
of edges extends 6 inches. 
Brand 1 /4  consumed, flaming of shingle 
extends 6 inches beyond brand. 
2rand 1 /2  consumed, flaming of shingle 
silbsiding . 
Brand broken up, some sliding of brand 
fragments down shingle surface. 
Dark spot and 'light' smoking on under- 
side of test deck. 
Second dark spot and 'medium' smoking 
on underside of'test deck. Brand 
3/4 consumed. 
Glowing on underside of deck at first 
dark spot, 
Area of glowing increasing. 
Sporadic flickering of flame on under- 
side of deck, no sustained ignitio~. 
Brand almost completely consumed, flaming 
of brand almost terminated. 
Brand glowing only. 
Brand out. 
Glowing terminated on underside of deck. 
Test terminated. 
The results werg inconclusive because of improper construction of deck, 
combined with 'flame flickering and glowing on underside of deck. 
METHOD I1 
(Classes A and B Tests Combined) 
Again the area damaged by the previous test was small enough to permit 
the assembly to be reused, thus the photovoltaic shingle-module deck 
assembly of the t e s t  of Method I was maintained in the orientation and 
inclination of the test of Method I. 
An a i r . c u r r e n t  was passed over t h i s  assembly, such t h a t  a t  poin ts  midway 
up the  s lope  of  t h e  deck and 3-11/16 inches above the sh ing le  surface, 
t h e  speed of t h e  a i r  was 12+1/2 miles per  hour, 
Two brands were prepaxed, one a Class A,  t h e  o ther  a Class B,. 
The Class A brand was constructed as described under METHOD I, 
The Class B brand consisted of a g r i d ,  6 inches square and 2-1/4 inches 
t h i c k ,  made of k i ln-dr ied  Douglas fir lumber f ree  from knots and 
p i t c h  pockets.  It was made of 18 nominal 3/4 by 3/4 by 6 inch s t r i p s  
placed i n  t h r e e  l aye r s 'o f  6 s t r i p s  each, wi th  s t r i p s  spaced 1/4 inch  
apa r t .  The s t r i p s  were placed a t  r i g h t  angles t o  those  i n  adjoining 
layers  and stapled, using No, 16 gauge s t e e l  wire s t a p l e s  having a 
7/32 inch crown and 1-1/4 inch legs, a t  each end of each s t r i p  on o n e .  
face ,  and i n  a diagonal pattern on t h e  other face. The d r y  weight of 
t h e  f in i shed  brand before i g n i t i o n  was 1.120.11 pounds. 
The brands were individual ly  i gn i t ed  by placement in a gas burner 
shielded from drafts, s o  t h a t  during the process of i g n i t i o n ,  t h e  
brands were near ly  enveloped i n  the  burner flame. The brands were 
rotated i n  the flame so that each face was exposed t o  the burner flame. 
The temperature of t h e  i g n i t i n g  flame was 1630250 degrees F, measured 
2-5/16 inches above the  top of  the burner. 
After 5 minutes i n  the  case of t h e  Class A brand, and 4 minutes i n  
the case of the Class B brand, and while t h e  brands were buxning 
f ree ly ,  they  were placed on previously undamaged sec t ions  of the  assembly, 
above t he  horizontal  j o i n t  i n  t h e  plywood dack. 
RESULTS I1 
Nates 
Time (Minutes:Seconds) Class A Class B 
0:OO-5:OO I g n i t i o n  of brand. 
5:OO Brand i n  place.  
6:20 Cracking of g l a s s  of 
shingle-module. 
7 : 15 S l i g h t  flaming a t  edges 
of sh ing les .  
9:45 Flaming extending I foot  
beyond brand, smoking a t  
joint i n  plywood on 
underside of deck. 
Time (Minutes:Seconds) 
11:oo 
Notes 
* z . -  
Class A Class B 
Heavy smoking cJn uncler- 
s i d e  of dock, brand 
1/2 consumed. Flaming 
a t  edges of shingles  
1 foot beyond brand, 
Moisture spots on ply-  
woad deck. 
Heavy smoking continuing 
an underside of deck, 
glowing a t  jo in t  i n  
plywood deck. 
Brand 7 /8  cb, umed. 
Flaming a t  edges of 
sh ing les ,  Flaming 
of brand ceased. 
Brand p ieces  glowing, 
l i g h t  smoking a t  under- 
s i d e  of plywood deck, 
Glowing a t  jo in t .  
Brand almost out. 
Glowing a t  only 2-3 
embers o f  brand. 
Char area, 3-4 inches 
long on underside of 
deck, Glowing i n  only 
small area on underside 
of deck. No flaming or 
glowing of brand. 
Glowing i n  underside 
of deck almost out .  
Igni t ion of 
brands. 
- 
- 
Brand in place.  
Smoke coming 
from under 
shingle beyond 
brand. 
Brand 7 / 8  consumed, 
moisture spots 
on underside 
of plywood deck, 
glowing only 
of brand. 
Brand out, 
l i g h t  smoking 
and charring . 
at  underside of 
plywood deck 
j o i n t .  
Notes 
Time (MJnutes:Seconds) Class A Class B 
Light glowing 
a t  underside 
of ~lywood deck 
joint. 
Flaming a t  under- 
s i d e  of  plywood 
deck joint.  
failure. 
NOTE : Dock was improperly b u i l t  i n  that there were no gaps 
between the pieces of plywood ( a t  the  j o i n t s ) .  Further, the 
plywood appeared t o  have an excessive moisture content. 
Solarex Glass Superstrate Flodules 
BURNING BRANDS TESTS: 
METHOD I 
(Class B) 
The module was mounted d i r e c t l y  t o  simulated ra f t er s  without any decking 
under t h e  module. The module on the r a f t e r s  was mounted on a carriage 
including an incl ined plane, the incl ine  being 5 inches per foot.  
An a i r  current was passed over this module, such that at  points midway 
up the slope of the module and 3-11/16 inches above the module surface, 
the speed o f  the  a i r  was 12+1/2 - miles per hour. 
A Glass B brand was prepared, constructed as described under METHOD 11, 
General E l e c t r i c  shingle-module tests. 
The brand was ignited by placement i n  a gas burner shielded from drafts, 
so that during t h e  process  of igni t ion,  the  brand was nearly enveloped 
i n  the burner flame. The brand was rotated s o  that each face was 
exposed to the burner flame. The temperature of the ign i t ing  flame was 
16304-50 - degrees F ,  measured 2-5/16 inches above the t o p  of  the  burner. 
After 4 minutes in the igniting flame, and while  the brand Uas burning 
freely,  it was placed on t h e  module. 
Ignitinn of brand. 
Brand i n  placu otr soaplo,  
Indonf n t  ions Earnring on undarsido 
o f  snnlpla diractly undor brand, 
Gloss suparstruta craclcitlg orrd bonding 
U P ' I J U ~ ~ S ,  
P~nutrot lo t~  througlr modulo, Elu~ni~ig 
on ur~darsido of a~odulo, 
Portions of nlodula substrata fgnitad,  
substrata dripping to floor, 
Tost tur~nirratad, Tust Enilura, 
In via\$ ef I;ha 'Ealluro' rasu lc s ,  u t a s t  f o r  u Class C r a t i n g  was 
conductad as  doscribud £01 lowf ng, 
METItOD 11 
[Class C) 
Suf f i c iant  undomasod urotl rumafnud i n  fhu Solarox intugrol lrrounc nodulu 
to allow i ts  uso in Eurthor t o s t s ,  Thus, tlla so~npla of tlla t a s f  of 
Mathod I was mointninod f ~ r  tlrcl sorna ~ n o u n t i r ~ g  position. 
An a i r  currant was pussod ovor this modulo, such that at p o i i ~ t s  midway 
up tho slopa of tlra tnodulo aird 3-11/16 inchus nbovo ella nloduln surface, 
the  v o l o c i t y  of tho air was 12?1/2 nrl.las par haus. 
Four bre'nds lvaro proparad, anch eonsiseing of n pioco of ic i ln-driod 
~lonrnsinous wllito pinn luarbar, Eroo Eronl knots nnd p i t c h  poclcats, 1-1/2 
by 1-1/2  by 25/32 inch thick, with a saw icorf 1/8 inch wide anu-half thu 
ttricknoss of tho brand across tlla contmr of tho top and b o f t o ~ n  fncos. 
Tllo saw karfs on oppositu faces woru at right onglas to unch oehur, Tho 
dry ~saighl: of oclcl~ oE tha f inishad brands bofora i g n i t i o n  was 
0.326?0,044 ouncas. 
Tho brunds warn ignitod by placu~lront in a gas burner shialdad frdm 
dra f t s ,  so that: during tho procass of ignition, ~ a c h  brand was onvalapad 
i n  tho burnor flamo. Tho brands ware rotatod so that oach 1-1/2 by 
1-1/2 ir\c\l Enca was uxpnsod to tila burnor f lunro for orla minuto. Ttra 
tompdratura of t h o  ign i t ing  fleniu was 1630i50 d~grctas F, moclsurod 2-5/16 
inchus ~ b o v u  thu  top  of tho burnnr, 
Aftar 2 minutos i n  tho igniting flamo, and whilo tho brands wara burning 
freely, tlloy wore plocad an previously, undamaged arons of tho module, 
RESULTS I1 
All brands burnad out without affecting the test samplo. 
Bocouso of successful parformnnco to Class C requirements, n ropaat of 
the Class B tost procedure was sought to substantiato parformonce at 
tjlnt levol, 
Sufficient undamaged Bran romnined i n  tho Salarex integral mount module 
to allow its further use, Thus, tho sample of tho t o s t s  of Mothods I 
and 11 was maintained in the soma mounting position. 
An a i r  cur ren t  was passed ovor this module, such that at points midway 
up tho slopo of tha modulo and 3-11/16 inches abova the module surface, 
the velocity of tho air was 12+1/2 miles per hour. 
A Class  n brand was prapnrod, constructed as describad under tlETAOD 11, 
Gonoral Electric shinglo-modulo tosts. 
Tho brand was ignited by placement in a gas burner shialdad from draf t s ,  
so that during the process of ignition, the brand wns noaxly enveloped 
in tho burner flamo. Tho brand was rotated so that each faca was 
oxposod to the burner flame. Tha tamperature of tho igniting flame was 
1630+50 degrees F, measured 2-5/16 inches above the top  of the burnar. 
After 4 minutos in tho igniting flamo, and whila tho brand was burning 
fraoly, i t  was placed on the module, 
RESULTS I11 
Time (Minutes:Saconds~ Notos 
-
Ignition of brand. 
Brand i n  place on sompla, 
Indentations forming on underside of 
module. ' 
Glass supersproto bending upwards. 
Module substrate split open, liquid 
dripping through split, heavy smoking. 
Substrate ignited, 
Burning pieces of substrate dripping and 
falling from module. 
Test terminated, Test failure, 
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APPENDIX G 
DEVELOPMENT OF DC GROUND-FAULT DETECTOR 
BACKGROUND: 
The f e a s i 5 i l i t y  of i ~ ~ c o r p o r a t i n g  d i f f e r e n t i a l  type ground f a u l t  
protec t ion  i n  a photovoltaic i n s t a l l a t i o n  has been demonstrated by 
const ruct ing  such a device and i n s t a l l i n g  it i n  the Massachusetts 
I n s t i t u t e  of Technology/Lincoln Laboratory' (MIT/LL) prototype at  t h e  
Northeast Res ident ia l  Experimental S t a t i o n ;  Concord, Massachusetts, 
This device was i n s t a l l e d  on September 23, 1981 and removed on December 
23, 1981. The device d id  no t  include any means t o  i n t e r r u p t  t h e  
c i r c u i t ,  but  merely responded t o  f a u l t s  by stepping a counter .  During - 
t h e  time it was i n  place we believe t h a t  it did not  respond t o  anything 
which was not B t r u e  f a u l t ,  Fur ther  it was v e r i f i e d  that i4; did  
properly respond t o  t r u e  f a u l t s  which were crea ted .  
This MIT/LL prototype includes a transformbrless i n v e r t e r ,  and is 
represented by the  c i r c u i t  i n  I l l .  G.l, No automatic in te r rup t ion  
switches wore provided, and because of device l imi ta t ions  (current  
handling a b i l i t y )  t h e  ground-fault  sensor  i n s t a l l a t i o n  was i n  one 
photoval ta ic  source c i r c u i t  (branch) r a t h e r  than i n  t h e  photovoltaic 
output c i r c u i t  (array).  See I l l .  G . 2  f o r  i n s t a l l a t i o n  loca t ion  ( I l l s .  
6.2 and 6.3 present  t h e  c i r c u i t  of MITILL prototype).  
The device d id  not include a provis ion  t o , d e t e c t  a grounding of the  
I I v i r t u a l  ground" point ,  nor was it  s e n s i t i v e  t o  ' f a u l t s '  i n  both 
p o l a r i t i e s .  We believe t h e s e  f e a t u r e s  can be added by simple 
modifications t o  t h e  c i r c u i t ,  cu r ren t ly  i n  process. 
The c i r c u i t  shown i n  I l l .  6 . 4  is s e n s i t i v e  t o  a cu r ren t  imbalance of 100 
milliamperes. While t h i s  threshold  of opera t ion  appears s u i t a b l e  f o r  
de tec t ing  an arcing condi t ion  t o  ground, it is unl ike ly  t o  be s u i t a b l e  
for pro tec t ing  personnel aga ins t  shock hazards. This  c i r c u i t  could be 
reconfigured t o  increase s e n s i t i v i t y  t o  a current  imbalance of 20-30 
milliamperes, a more s u i t a b l e  value for personnel p ro tec t ion .  
(References are t o  t h e  c i r c u i t  of Ill. G.4) 
Theory of Operation - The sens ing elemeni cons i s t s  of two c o i l s  of 65 
turns  each, wound on a toxo ida l  i r o n  core .  A Hall  e f f e c t  sensor i s  
located i n  t h e  toroid air gap (0.095 inch)  and with t h e  windings 
properly phased, w i l l  d e t e c t  the dc magnecic f lux  caused by a cu r ren t  
imbalance. R1, a 10 ohm, 10 turn t r impot  is used t o  i n i t i a l l y  balance 
the two c o i l s  t o  account f o r  mismatch in the number of t u r n s  o r  t h e  
c o e f f i c i e n t  of coupling. This  t r impot will accommodate up t o  a two t u r n  
imbalance i n  t h o  two coils. Sinca t h e  c o i l s  oro out of phnsa, tho t o t a l  
Elux i n  tho  core  i s  zoro due t o  normal curront loads a t  balonco, 
Thorefore, fhoro is no l i m i t  on tlln maximum cur ran t  t h a t  can ba hondlad 
by tho  sensor ,  providod that the  wire s iza  is larga onough, 65 tu rns  
was choson as o comprorniso betwoori sensitivity, tho t a e a l  s ize  of tho  
sens ing  elomant nnd t he  obi l i$y  t o  compensate tho co i l  for mismatchas i n  
the windings, Elore turns  would i n ~ r o a s a  t h a  s e n s i t i v i t y  bu t  would a l s o  
inc raasa  tho bulk  and t h e  hoat d i s s ipa ted  dua t o  I'R l o s ses .  Fewor 
t u r n s  would moka for a smnllor element but would make compensating t h e  
c o i l s  more d i f f i c u l t .  
A Hall a f f e c t  sonsor i s  o sorniconducfor'dovica t ha t  116s an output  
vol tago  propor t ional  to t h e  product of tho b i o s  currunt  and tho magnatic 
field impinging on i t s  foco, If tho  bios  currant  i s  held constant, t h e  
output voltago is then propor t ional  !o tho magnetic f l u x  only, Spraguo 
Typo UGN-3501 Hall  offect sonsor ha: d constnnt curront sourco designed 
into tho packaga and i t s  Elux s a n s i t i v i t y  constant  is approximotcly 1.4 
mv per gauss, R2 is used t o  balance tho  Hal l  sonsor output  t o  zero with 
a zero  f lux  inpu t .  , 
Tho output of tho Hall sensor is fed t o  on opera t ional  nmplif iar  qtage,' 
(LM324) with o gain of approximately two. The oparnt ional  ampl i f i e r  
output  d r ives  t h e  input of n d i f f e r e n t i a l  comparator. Resistors R, and 
R8 determine the comparator trip l avo l ,  
Tho pos i t ive  roforenco vo l tage  i s  fad t o  tho comparator inve r t ing  input  
(Pin 3 ) ,  With a low voltoga on t h e  noninvarting i n p u t  (P in  21, tho 
comparator o u t p u t  (Pin 7 )  i s  I p w ,  approximntaly ground l e v e l ,  Ql is 
then i n  t h o  off s t a t e .  When Pin 2 goes more p o s i t i v e  than P i n  3 (44 
mv), t h e  comparator switches and tho  junction of D3, R10, and C l  s t a r t s  
to rise i n  voltago. When t h e  i n t e g r a t i n g  c i r c u i t  of Rg and C1 has 
accumulated s u f f i c i e n t  charge,  Q1 t u rns  on, energizing relay K1, T h i i  
i n  t u r n  advances the counter .  
Tho 'slow-down' achiaved by the inclusion of capaci tor  C1 is to make the 
circuit compatible with the mechanical counter used. It i s  not intended 
that this 'slow-down' necessarily ba a Eoatura of the circuit which 
would respond by disconnecting tho  ar ray .  
Res i s to r  Rll end LED D2 act as an i nd ica to r  l i g h t  f o r  t h e  ' t r ipped1 
mode. 
The circuit has a 100 ma s e n s i t i v i t y ,  i . e . ,  when the cur ren t  i n  one l e g  
of the  sens ing  c o i l  exceeds t h e  other by 100 ma, the circuit w i l l  
respond. 
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